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Stinmi-ry 
The principal object of the work described, in this thesis 
has been the investigation of synthetic routes leading to 0-homosteroicis. 
Until now only two routes were known for the preparation of 
homocyclic C-honsteroids one of which was a photochemical rearrangement 
and the other a complicated series of reactions including opening and 
reclosing of the C-ring.. The Tiff eneau-Denijaxiov reaction, used to make 
the first homosteroids and which involved the rearrangement of the 3-
ami.nomethyl-3-bydroxy derivatives of thecorresponding 3-ketones, were 
found to form mixtures of the 3- and Li-keto ring-L eanded compounds. 
Repitition of this work with cho].estan -3-one as starting material in 
fact showed the two couponents of the final product mixture, namely 
A-homochole stan-3-one  and A-homocholes tan-t-one to be distinguishable 
by n.m.r. which confirmed previous 0. R. D. and circular d.ichroism results 
which had suggested the presence of these two ketones in an approximately 
50:50 mixture. 
Application of this scheme to hecogenin acetate, a I 2-keto 
sapogenin required the formation of the I 2-mirtomethyl-1 2-hydroxy derivative 
which was prepared by two separate routes. The subsequent rearrangement 
led. to C-honiokecogex3in and its acetate the spectra of which suggested the 
preferential if not exclusive formation of the I 2-keto-C-homosteroid 
opposed ... to the 12a-ketone.. 
Carbene additions to the enol acetates and ethers followed 
by rearrangement was also known as a method for steroid A, B and D-ring 
enlargement. Rearrangement of the product of dicblorocarbene addition to 
3, 12, 20-triacetoxy-pregn-1 I -ene furnished 3, 20-dihydroxy-C-homoprei-
I 2a-orie in the same way. The carb ene addition however was dependent on 
substituents in ring-]) and on the position of the double-bond in ring-C 
to which the carbene was to add., the & 1,12 enol acetate adding caxbene 
whereas the 9" 1 enol acetate did nt. 
Finally, exocycic epoxides and tosyl hydrazones of ring-D 
were found to react under various conditions suitable forWaer-Meerwein 
rearrangement with the subsequent formation of C-hoiuo-1 8-nor derivatives 
in varying, yields. 
1 
1. 	Introduction 
The reaction of aminomethyicycloalkafles with nitrous acid to 
produce cycloalkanols in which the ring is larger by one carbon atom 
is known as the Dein.janov rearrangement Scheme I first discovered in 
1901 by Demjanov and Luschnikov1 , but not recognised until 
19032  when 
cyclopentanol was identified as one of the products formed from 
reaction of nitrous acid with cyclobutane methylamine. 
CH.- CHCFi2 NH 2 Ff NO 
	
CI-t -CHOR 
CHCH2 	 cH: 2 22 
Scheme I 	 - 
• 	 An extension of this reaction, reported by Tiff eneau, Weill 
and Tchoubar3 in 1937,   consists of the nitrous acid deamination of. 
• 	1 -arninomethylcybloalkanols to form the ring-enlarged ketones. Scheme 2 . 
___ 1 
> 	 +N2+H20 
OH 
Scheme 2 
• 	This became known as the Tiff eneau-Deinjanov reaction and was employed 
by Goldberg and Kirchensteiner in 1943 to prepare the first A-homo 
steroids. The position of the ketone in the A-homocholestanone and 
A-homo-1 7 -ace toandrostanone produced was. unable to be assigned to 
carbon three or carbon four. The 3-aminomethyl-3-alcohols required for 
[ij 
I 
rearrangement to the products were prepared from the mixture of 
cyanohydrins, -cyno-holestaii3Ol and 3cyanoho1estaW30Ol 
prepared 	from cholestan-3' -One by treatment with potassium cyanide 
and acetic acid. The epimeric mixtures. were hydrogenated in the presence 
of a catalyst to give 3c-einomethylCholeSt&301 (7) and its 3.. 
mi nomethyl-30.-alcohOl epimer (9) and 3- rniromethyl-afldro3ta!13 -ci (8) 
and the 3 iminomethyl-3aalcOhOl (10)0 
Nelson and Schut5  reported these reactions using the acetylated. 
cyanohyd.rins of oholestan-3-one (3) and (5) .. When, this type of reaction 
is applied to an unsymmetrical. ketone, it is generally possible to 
isolate two honlogate& ketones from the reaction, since the introduction 
of the extra. methylene group may take place at either of the two sites 
adjacent to the - Pa-rent. carbonyl group and in many instances it was. 
found that,  exocyclic epoxide- by-products were fozied. These features 
N2CH2-:Iti. 
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were also found common to the ring-expansion reactions, of cyclic - 
ketones with diazo compounds. However, Nelson and Schut found 
A-homocholestan-4.Ofle as the major product but no A-honIocholestan-
3-one the other expected homologated ketone. However, they were able 
to find both ring-A expanded ketones using the one stage diazomethane 
reaction. Scheme 3 •. The A-hoznocholestan-3-One. arises from C-4 
migration and A.homochoiestan-4-One frbm C-2 migration.. The assignment 
of position to the carbonyls was done by a study of the fingerprint 
region in; the -infra-red spectra.. 
Jones and Price 6 , in 1969, following the need to prepare 
A-hoinosteroids for study to evaluate the electronic and structural 
specificities of.the enzymes of steroids metabolism, prepared- - the:- ring. 
expanded: androstane ketones as had Goldberg and Kirchexisteiner by the 
Tiffeneau-Demjanov reaction and were able to isolate both A-homo-
androstan-3 -one (12) and A-homoandrostan-4.-One (114.) from the product 
mixture. 
Sykes et al. 91  in 1970, repeating the Tiff eneau-Demjaxiov 
ring expansion of 3-am{nomethyl-5c. -choiestaxi-3 -ci, found the same 
apparently contradictory results to those expected as had, Nelson and 
Schut, in that only one homologated ketone, A-homo-5 -cholestaia-4.-One, 
was produced.. The series of reactions were carried out by the same 
methods as previous workers'' 6 starting from choiestan-3-'one, except • 
that the oyanohydrins were made by exchange with acetone cyanohydrixi, ° 
the isomers being acetylated and separated, the following hydrogenation 
and rearrangement being' done on the separate isomers. Scheme 4. • It 
was found that 3a-minomethyl-5a. -cholestan-3 -6l.(7) gave: only the 
A-homocholestan-4-one on nitrous demination, and 3-anuino-rnethy1-
5a.-cholestan-3a-ol (9) gave A-homocholestan-.-one as the only 
homologated ketone plus the expected exocyclic epoxide (17) in ratio 
3:3:1 • The results are summarised in Table I • G.L.C. was used to 
separate the product mixture but no A-homo-3-one was found at 
retention time 2.70 expected relative to 5o.-cholestane. 
Compounds Reagent; Products(%) 
03d ran A-Homo- 
A-Honio- 
Ratio 
(3-00)/ Ref. 3-ketone 4.-ketone 
5a.-cholestane series 
3a H2NH2(a.x) -3 • ffl02 Ca.0 Ca.0 70 m11 (9) 
3P cMi(eq) -3o. HNO2 15 0 70 n11 (9) 
3-C2NH2(eq)-3o.- EN02 
- major small (5) CE(ax) . product 
3-ketone 0H2N2 -, 10 40-50 Ca.0.2  
I 7-hydroiy-5a- 
azidrostane series 
HNO2 41,. 51 0.86  
CH (eq~ little 
HNO2 little 33 1.4 
(6) 
3-ketone CH2N verylittle 424• 31 1.14. (6) 
Table I 
Carlson and Bekin' 1 tried, to explain the apparent total 
preference for C-2 migration to C-4 migration in the cholostane series 
by putting forward the idea. that transannular hydrogen interactions 
IHO 
5 
similar to those illustrated were the cause, since it was not obvious 
to them from consideration of Dreiding models why there should be a. 
preferred conformation of either epimer of aminomethyl-alcohols (7) 
and (9) during the inversion of configuration at the migration terminus 
which accompanies carbon migration in the deamination of aminoaJ.cohols. 
[15j. 
The interactions in transition state for C-4 migration (16) 
are certainly more severe than in the transition state for 0-2 
migration (15),  so with dihedral angular distortion and non-bonded 
interactions this partially explained the results. Only partially 
however, since 173-hydro-androstan-3-one (2) has formed both ring 
hornologated. ketones (12) and (14) on nitrous deamination of the 
corresponding 3-aininomethyl-sndroatan-3-ols.. This left the little 
understood long range effects. as the only probable answer. The same 
arguement was used for the deamination of the epimeric 3-aminomethyl-
cholestan-3a-ol (9), the presence of epoxide by-product (17) from only 
6 
this epixaer being in line with other 'work showing more epoxide , 
always resulting from the epinier with eatorial aminomethyl group 
[17j 
The unfavourable hydrogen interactions between the 3-'axial diazonium 
methyl group and the C-IcL and C -5o hydrogens in the transition state 
(18) - which would. have led to epoxide formation from the -aminomethyl 
-a1coho1 (7), completely hinders the reaction. No such interactions 
are present however in the oae of the aminomethylalcoh0l (1 3 ) 
allowing epoxide formation to take place.. Jones and Zender12 and Jones 
and. Price l3, in separate work appear to show that this long range 
electrical effect is unique to th C817  cholesta C-17P side chain 
in its. influence: on the product ratios- in. ring-A homologation: reac,tions.- 
/7L 
Their work with the diazoniethane reaction 11* consisted of changing the 
0-17 substituents and the use of the 5--§ series as well as 5-a.. 
Their 
results are summarised in Table 2. 
R R1 R2 Ratio :B:A±3% 
0113 OH 11 41:39 
5a. 0113 H OH 4.5:55 
5c. 0113 H H 4.2:58 
50. 0113 OA.o 11 4.5:55 
5m 0113 011 0113 
38:62 
50. 0113 081117 11 79:21 
50. H OH 11 4.0:60 
50.. 11 OA.c 11 4.5:55 
50 0113 C 81117 11 22:78 
50 0113 OH 11 50:50 
5P H OH H. 39:61 
A 
In 1969, Levisalles e t i15,16 set out to prepare A-homo-
cholestan-4.-one by a completely unambiguous route for circular 
dichroism and rotary dispersion studies. This involved generation of 
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X= Br [27] 
Scheme 5 
Ei 
treating a ha.loform with a strong base. In this case chloroform and 
potassium tertiarybutylate were used giving .& dichlorocazbene which 
was added to 3-methoxy-5a-cholest-2-ene (23). The cyclopropane derivative 
(24) was hydrolysed in aqueous acetic acid in the presence of silver 
acetate to the halogenated enones (26). Hydrogenation in the presence 
of palladiunv'charcoaJ. () and sodium carbonate gave A-homo-5a.-
cholestau-4-one.. Scheme 5 . The position of the double bond in the 
substrate for carbene addition (23) was fixed by the preparation of the 
same compound from the known -bromo-5a-cholestan-3-One (20) via the 
ketal (22). The reactions were also carried, out using bromoforin to form. 
the corresponding cyclopropane adduct (25) and haJ.ogenated. enone (27).. 
The stereochemistry of the carbene addition was assigned. in accordd, with 
usual. methods o± attack on 5a.-cholest-2-ene derivatives however it is 
without influence on the.-following stage. 1-homo-5o. -cholestan-3-one 
was prepared by- the unambiguous. route of Stork et.al. 8 and the products. 
of these reactions,, nitrous deamination and diazomethane ring 
expansions,. studied by optical rotary dispersion and circular dichroism.. 




(11). By Stork et al. , 
18 
8385°d +45. -81(D). 296.5 -1.4.3(D). 
-97(M) 285 -1.91(M) 
2N2on(1) 82.8300 +50 -60(M) 
(1 2) Cli 2N2On ketone -87(D3H) 
(2) -98(M) 
(13) CBr2 on (23) 96-97.5+103 ~130(D) 294. +2.56(D) 
+14.9(M) 286 +3.26(M)- 
Nitrous dearn{nAtion 85-870C +50 +15(D) 
of (7) . &: (9) 
87-880C 0 22420fl (1) +31 +15(M) +o .4.1(D 
+14(M) +0.42(1 
85-87 +50 +32(D) 
(14) CH202 +159(M) 294. +2.84(D 
(28) CH2N2,A1C13 on . 294. +2.67(D 
_____ (30) 
D = Dioxan H Hexane 	I = Iso-octane 	M Methanol 
Table3 
The corresponding homologated androstanes were also prepared, the 
structure of the A-horno-.-one (28) being fixed by preparation from 
17_aceto2t_andrO$t1efl3-0Z1e (30) by reaction with diazomethane 
Scheme 6 and hydrogenation of the ring-A expanded product (29). 
The results brought Levisalles and his co-workers to the conclusion 
that the previous ring-A homologated ketones, thought to have been 
only A._homo-5a-cholestafl-4.-One by Tiff eneau-D emj anov rearrangement,, 
were in fact mixtures of this and the A-hozno-3-one which show the same 
infra-red and mass spectra, and their retention times in gas. 
chromatography are the same and so these techniques do not distinguish 
between the ketones leaving optical rotary dispersion, and circular 











of the optical rotary dispersion and circular dichroism curves of 
pure homologated ketones, they were able to calculate the percentage 
yields of each ketone in the mixtures finding that diazomethane 
afforded 4.3±5% of A_homocholestafl4.Ofle and 57±5% of A-honiocholestan 
3-one, while nitrous deanvin.tiOfl gave 50±5% of each ketone. 
A recent paper by Jones and Price 19 repeated the optical 
rotary dispersion study. They again found. the ring-A homologated 
ketone of cholestane to be present after the Tiff eneau-Dem,ianOv 
rearrangement but that the product ratios were significantly different 
from deRm{natiOn of the epimeric aminoinethyl alcohols (7) and (9). 
They also found. & predominance of equatorial, attack by diazomethane, 
the rearrangement products being similar to those for -aminornethYl5° 
oholestan-3a-01. (9), They concluded, that no long range effects need 
he invoked since there was in fact no predominace of either 0-3, 4. or, 
0-2,3 bond migration but that the arguient for epoxide formation 
still held.. Their results are summarised in Table 4. 
% yield Mol.amp  
Starting Method of 11+13 11+13 % ratio 
Material homologatiOn or 11:13 	12:14. 
12+14 12+14. 
• 	.......
. Tiff eneau-DanOV 95(-1) +2.2 4.9.5:50.5 
• 	10 Tiff eneau-Demjanov' 80(-8) + 1.6 61.5:38.5 
2 Diazoniethame 75(-7) + 9.0 59:41 
7 Tiff eneau-DemjaflOv 88(-5) +32.0 48:52 
9 Tiff eneau-DemjauOV 73(15) - 6.3 63:37 
I Diazomethane 80(.-13) +. 5,2 58.5:4.1.5 
Table 4. 
The 0. B. D. spectra were run in methanol. 
Values in parenthesis are % yields (G.L.,C.) of C-3 oxiran products. 
11 
The method of Stork et al. 18 used by Levisalles and 
co-workers involved the generation of carbene from a phenyl mercuric 
20,21,22 
precursor. The Doering-Hoffmann generation of carbenes 	is 
I imited to additions on substrates having no base-sensitive groups. 
Enol acetates are readily accessible compounds but would require 
neutral conditions. Wagner et al, 23 in 1961 generated dihalocarbenes 
24 
by thermal decomposition of sodium trichloroacetate. Although this 
afforded the required neutral conditions, it was found to give poor 
yields with weakly neucleophilic olefins, a side reaction between the 
carbene and trihaloacetate intercepting much of the carbene. Another 
major- disadvantage, found in the Doering-Hoff mann. method also, was. 
the reaction of the intermediate trihalomethido ion (31) with some 
substrates before it can decompose to dihalocarbene. Scheme 7 . 
eyferth at al. 25a  underwent a study of phenyl (trihalomethyl) 
mercuric compounds similar to specw5found by Russian workers 26 
which decomposed to give phenylmercurichalid.e in high yield. 
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They found these compounds to decompose at 15000 or in ethanolio 
solution via a carbene intermediate which could be trapped by olefinic 
speces. Fifty substrates were tested2 , most of which gave high 
yields: of oyclopropane derivatives. Further work by Seyferth and 
led to a convenient method for carbene generation 
by decomposition of various phey1 (tri-h]-omethyl) mercury compounds 
under neutral conditions. One such phenylmercUriCCY(flp,ph\ 
(dichlorobromomethyl) mercury was the precursor used by Stork 	
8 
giving high yields of carbene' addition products from. enol acetates 
of cholestan-3-one. These rearrangedd, under basic conditions to 
4.- lo ro-A-homo-50.-chOi est-4-en-3-one (35) and 3-ch1orohomo-50-
cholest2en-4.Ofle' (26) from 3_acetoxy_5 cholest-3 -efle (34) and 
3_acetoV-5mCholeSt-2 eue (32) respectively.. Scheme 8 .. The enol. 
acetate (34.) used by Levisalles and.. co-workers is, less stable than 
the corresponding enol acetate (32) used for .k-hoxno-4.-ketone preparation, 
and does not form in the enol acetylation of 5o.-cholestan-3-one. Stork •• 
and. co-workers28 ,. however, developed, a specific enolate synthesis 
involving reaction: of the unsaturated. ketone' (33) with lithium-liquid 
ammonia, followed, by treatment of the resulting lithium enolate with 
acetic; anhydride ,.. Scheme. 9'.. This gave, a method for synthesis of 




























The Doering and Hoffmaxmmthöd, and the Wagner - method 
still found use however in the preparation of A-homosteroids. Birch 
and Subba Ra0 9 prepared. the first reported o.,-unsaturated ring-a. 
expanded ketone, L-homotestosterone (39) 3cheme 10 by addition of 
dibromocarbene made from potassium tertiarybutoxide and bronx,form, 
to 3 -me thoi 9-nor-androsta-2, 5(10) -dien-1 7-one (36). The dicarb ene 
addition products (37) were rearranged in. pyridine, reduced with 
lithium-liquid ammonia to give the saturated ring-i. expanded species (38) 
containing a methylene bridge. Rearrangement with hydrogen chloride in 
chloroform gave the required A-homotestosterone. The mouoca.rbene 
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Scheme 12 
14. 
as the I 7-ketals to the bromine free ring-A expanded unsaturated 
ketone (4.2) probably due to loss of hydrogen bromide involving an 
initial shift of a double bond by enolisation Scheme 11 
Br 	
'; 	
i• z< 	 2. 
OCH3 	OCH3 0 
	
[402. - : £411 	
[421.  
Scheme 11 
Font30, in 1964, used the same method to add carbenes to 
I 7_aceto_3_ethotra3,5 -'diefle (4.3). He found he could prepare- ,O-  
two brom4ted A-homo types, a tri-bromo product (44) and its epimer 
(4.5), and a mono-bromo product. (48) arising from the di-carb ene 
addition and mono-carbene addition products respectively (4.6) and  (4.7). 
This was. contrary to the 19-nor-a-3,5 steroids which react with 
dihalocarbene exclusively from the P.-face M, and the dehyd.roestroue 
methyl. ethers whose enolic double bond is the most reactive. Here, 
the' carberie adds both a. and P to the 5,6-double bond., the yields of 
A-ring homologu.es being low' due. to preferred mono-carbene addition to 
the 5,6-double bond leading to a ring-B expanded. mono-bromo product (50). 
The Wagner carbene generation method was eloyed by Pandit 
and de (raaf in the preparation of 4.-chloro-A-homo-Cholesta4., 5-
dien-3-one (54) and the corresponding androstane (55) Scheme 13 
RC8H7 [33:1 




ROAc [55j . 













Carbene addition to the 	 emines (52)(53) 
and rearrangement with water gave the cholestazie and androstane 
ring-A, expanded. products (54) (55 ) in 31% and 34$ yields 
respectively. A recent paper by the same authors32 studying the 
role played by the 	 nitrogen in lowering the energy 
of the transition state of the ring opening process, furthered 
their previous work by catalytically reducing the ring expanded 
d.iene (48) to form the known A-honiocholestan-3-one (ii), and by 
16 
preparing A-hon-4--f1uoro-steroids (56) (57) by rearrangement of the 
addition products of choloro-fluorocarbene to the pyrrolidine 
enMmifles (52)(53). Scheme 14- . No mono-chloro-A-homo steroids were 
produced. The generation of chiorofluorocarbefle was from a 
phenylmercuric precursor, phenyl (dichiorofluoromethyl) mercury 
[1 
CF 	 cL 





R C5H17  [1 
R=OAc [53 	 R= O.Ac [57]  
Scheme 14. 
The -homosteroid structure prepared in the work by Pandit 
and de Graaf was first prepared, in the androstane series by Ringold33 
in 1960, by Tiff eneau-Demjanov rearrangement of 7-aiiinomethyl-7- 
alcohols prepared in the same manner as the corresponding 3-am-i-nometh3l-
3-alcohols (8)(10). Ringold was unable to say whether he had prepared 
the B-homoandrostan..7-One (61) or the corresponding -7a-one (65) or what 
the configuration at 0-8 was. Huznitsu 34- in 1961 prepared the same 
-homo-ketone from both cholestan-6-one (58) and cholestan-7-One (62) 
showing the configuration to be 5o. and 80 and the carbonyl at position 
C-7. Scheme 15 • Sorm et al.37 in fact prepared 3-acetoy-B-hOm0-
ohoiestan-7a-one (64-) by reaction of diazomethane with 3-acetoiy-








R=OAc. ;. X=H2 ;Y0 [5191 
RC9H17 ;XH2;YO [621 
Ac 
Scheme 15 
36 	 37 38 
Further- • work by Ringold. ,. Sozin and co-workers and. Japanese workers 
led to a whole series of B-homo-steroids by modification. of the original 
homologated parent ketones prepared from the Tiff enean-Demjanov 
rearrangement.. Scheme 17 	Ringold found that the change from a. six- 
carbon B-ring to' a seven-carbon B-ring did not significantly influence 
androgenic or mytrophic activity. The A-ring is hardly distorted 
although the B- and C-rings are, affecting the enzyme, "fit" in the centre 
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RH ,R2=OAc la,2a,3a. 
R=OAc,R2H lc,2c,3c. 
R1 ,R2H 	le, 2e,3e. 
R1 H ,R2=OAc lb.,2b13b. 
R1=OAc,R2 H ld,2d,3d. 
R11R2=H 	lf,2f,3f; 
id: 	






























RI=OH 	[§ 51,1-  
Scheme 16 
Ring-B expansion by diflourocarbene addition. to an ènol, 
acetate has been carried, out by Crabe et al. 9 and was shown to be 
different from. the corresponding ring-,k, expansion since the cyclopropane 
derivative( 67) from 6,1 7o.-diacetoxy-pregna-4., 6-dien-3-one (66) 
rearranges with base to give a. mono-fluoro- ring-expanded- species whilst 
a difluoro-ring-A homologated adduct results from the rearrangement of 
the corresponding cyclopropane deriative of 3,1 7-diacetoxy-androst--







[661• :.. 	673 
Leal 
Scheme 18 
In the diene sub strate( 66), the difluorocarbene addition 
was exclusively to the 6,7-double-bond, rearranging in the classical 
manner to give the required B-hozno compound as the only product. 
Other Bring homologationa include work by Sorn et al. on 
the acetolysis of the mesylates of the 5,6--!nethano-3-alcohol 
derivative (71), found to gi1e 7acetoxy-B-homocholest-4-ene (72). 












Tad nier, in 1966, studying the hornoallylic rearrangements 
of 1 9-substituted steroids in' elimination reactions and nucleophilic 
substitution reactions, found that the nature of the 'products requires 
the intervention of two discrete interconvertable homo-allylic cations, 
dependent on reaction conditions, one of which exists under kinetically 
controlled reaction conditions and the other during thermodynamic 
control. These' intermediates can be stabilised by d.e].ocalisation of 
charge for which resonance forms can be written (75)(76), each 
leading to different products. Tadanier found, on treatment of 
33 -inethoxy-1 9_inethanesulphono -ardro st -5-en-1  7-one (74) with 
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R=OAc;R 1 orR2=F [77] 
R=OC H3 R10H;R2 H [78] 
Scheme 20 
21 
followed by hydrolysis, led to 33-methoxy-613-hydrOXr5, I 9-cyclo-
androstan-1 7-one (80) which, with sulphuric acid and water as 
nucleophile, gave 30_methoxy_7_hyd oxy-B-homoesti .5(1 0)-en-I 7-one 
(78).. Scheme 20 • Knox et al. had used the same reaction but used 
fluorine as nucleophile. They found the yields very much dependent on 
conditions of temperature,. choice of solvent and method of isolation 
as expected. A 63% yield of 7-fluoro-B-hOmC) derivative (77) was 
obtained by using methylene chloride as solvent at -200C with diethyl 
(2.-chloro-I , I , 2- trif luoroethyl) amine and passing the gross reaction 
mixture, after forty-eight hours, through an alumina column. The 
eluted oils were combined and chromatographed on florisil which gave 
3_acetoxy_77fluorOB-hOmoeStra5(10) -en-I 7-one (77) as a crystalline 
solid on elution with hexane: ether.. 
None of the methods for ring-A, and ring-B expansion had been 
used.. for ring-C homologation. However, a. C-homosteroid. had been 
- 	pared in 1963 42  from 5-pregriane-I 7a., 21 -diol-3,11, 20-trione (81) by 
a seven: stage synthesis. Scheme 21 • The starting material was 
converted to the 3,3-ethylenedioxy-170., 20:20,21_bis(znethylefled.ioXY) 
derivative (82) in two steps to protect. the C-3 and C-20 ketones. The 
1Ia-methyl-I1-'hYdrO1y adduct (83) prepared by the action of methyl 
lithium on the C-12 ketone was treated with thionyl chloride in 
pyridine as a dehydrating agent leading to Ii _nethyl3,3 -ethylenediOXY-
17o., 20:20,21 -bis (methylenedior) -5-pregn-9( ii) -erie (84.)i, Hydrolysis 
to remove the ethylene ketal, group followed by ozonolysis and 
treatment with methylene phosphite in the presence of I C% perchioric acid 
afforded a seco-steroid (85). Ring closure with k. ,potassium tertiary 
butoxide gave the required ring-C expanded product, 170., 20: 20,21 -bis-
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this, only the 9a-aza-C-hOmO skeleton has been made. This was 
accomplished by Zderic and Iriarte 3  in 1962 by a Beckmann 
rearrangement of the oximes of 3_acetoxy-tigogeniIl (87) and 3-acetoxy-
I 7c, 20:20,21 _bis(methylenediOXY)afldXOs tan- l 1-one (88). Reaction with 
phosphorous orchloride in anhydrous pyridine caused the rearrangement 
affording 9a_aza_C_hOmOtigOgeXlinI I -one-3-acetate (89) and the 
corresponding homologue of the androstane derivative (90). Further 
treatment of the 9a_aza-C_homO-alldrostafle with chromic acid to the 
C-3 ketone followed by removal of the bis (methylenedio) group in 
warm 6( formic acid then acetylation gave 21 _acetoxy-170.-hydrocy9a -' 
aza-C-homOpregnal 1, 20-dione( 91). Scheme 22.. 
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In 1970, two series of reactions were carried out by 
separate groups to form the C-homo-D-nor steroids. Meinwa.ld. and 
Wheeler in fact formed a C-hojno-D-bis±ior structure by nitrous 
deamthetion reactions of pseudoequatoria]. D-norandrostanyl-1 60 amine 
(92), thermal decomposition of the I 6-N-rLitroso derivative (93), 
hydrolysis of the I 6-diazotate salt (95), and solvolysis of 
toluene suiphonates (102). Scheme 23 . Two conformational isomers 
with the C-homo-D-bianor structure (97) and (100) were formed in the 
nitrous d.emination reaction at -10 00 in acetic acid followèdby 
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The thermal decomposition of the I 6-N-nitroso derivative at 7500  
again led to two products. Only one isomer (98) coxTesponding to the 
nitrous demation. products, plus a C-homo-D-bisnor adduct 
containing an exocyclic o].efinic double bond (96). Thermal decompo-
sition of the I 6-N-nitrosoacetamide (94) at 450C in buffered 
25 
solution led to the same products (122) -(12J+), except for the acetate 
group on the 0-ring in accord with the nature of the starting material. 
The diazotate salt (95) of the I 6-N-nitrosocarbamate, on hydrolysis 
with water, gave the olefinic species (96) and the alcohol (97) as the 
major product. All the products were shown to arise from the same 
intermediate caxbonium-ion (101) formed by rearrangement of the original 
carboniuni ion from deamination of the various starting materials. The 








. 	Products % 
(96) (97) (98) (99) . (Ioo) 
 69 	. 18 
 4.0 32 
(914.) 50 4.2 
(95) 9 88 
Table 5 
The solvo].ysis of 3-methoy-D-norandrostanyl-1 6-toluene 
suiphonate in dioxan and water, gave the same isomeric mixture as did.' 
the nitrous deamination (97) and (1 00) in yields. of 2 and .  8$ after 
three days stirring at room temperature with calcium carbonate. The 
26 
I 6c.-toluene su].phonate (102) formed,. under similar conditions, an 
olefinic seco-steroid (103) which was also the product of nitrous 
dearnination of the 16m-amine (104) as the corresponding alcoho]. (105) 
Scheme 25 
R = OTs u2i 
	





The second set of reactions,. carried out by Tamm 5 , involved 
a Pinacol type rearrangement of the I 5-inesylate of 3-acetocy-14,l 5a.— "' 
dihydroxycard-20-enolide (1 06) by Jyeatment with sodium iodide in 
ref luxing acetic acid to give the product (107) in 20$ yield. The 
corresponding I 7-acetoxy derivative gave no C-homo-D-nor product, only 






















-Again in 1970, Debono et al. prepared the C-honio-B-nor skeleton by 
photolysis reactions. Irradiation. of gm-, 10m- and 9, I 0-oxidoestr-
4-en-3-ones (109) and (111) with ultra-violet light (2537 £) in 
t-butaxxol. brought about the rearrangement giving a 0-homo-B-nor - 
diketone (110) as the exclusive product in 70$ yield from 90,1 ()t-oxido-
Icetone, and its configurational isomer (112) plus a 10, 1 4-cyclo-
diketone (1 i3)  in ratio 3:1, from the 9,10-oxido-ketone. Scheme 27 
The homologation of ring-C has been by far the least studied 
where as ring-D expansion reactions were the first known and extensive 
work has been done on these reactions and their productao Steroids in 
which ring-D is enlarged by one carbon atom, were first encountered in 
attempts to apply two different synthetic methods for introduction of 
a two carbon side chain corresponding to that of progesterone into the 

















and an isomer shown by Miescher and Kagi 7 to be I 7a-methyl-D-
homoandrostenol-17-one (116) were forued. on Darzens condensation of 
androstenolone acetate (1 i4.) with ethyl 0, a.-dichloropropiorxate, 
followed by alkali treatment and deca.thoxylation. Scheme 28 • A 
related product to this anonlous isomer (116) resulted from an 
attempt to hydrate the 17c.-ethyl carbirtol of androstenolone acetate 
(ii 7) to the I 7a.-acetocarbinol (11 9). The a.-orientation of the ethynyl 
group was, at the time, unknown and direct hydration in the presence 
of a. mercuric salt, or the addition of acetic acid to the triple 
bond and hydrolysis, gave a D-hoiuohydroxyketone (118). The normal 
48 
product (ii 9) was. made by Stavely by treatment of the 17m-ethyl 
carbinol with mercuric chloride-aniline and was found to readily 
undergo homoannulation to either the methyl--hydroxy or 
3-methyl-0-hydroXy- epimers. 	 by adjustment of the 











Tiff eneau-Demjanov ring enlargement was first applied to the 
4. 1)-ring by Goldberg and Monnier 9 Ln 1940   to the I7-hydrozy-20-amine 
obtained by hydrogenation of androsterone cyanohydrin. Treatment 
50 
with nitrous acid gave D-honioandrosterone. D-Eomotestosterone was 
+ 
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29 
prepared by protecting the double bond of androstenolone acetate 
by convert 	to,the 5,6-oxide. After convertion to the amino alcohol 
and rearrangement, the oxide ring was reduced to the 5a-ol which was 
eliminated after oxidation at 0-3. Reduction with lithium aluminium 
hydride proved an easier method for double bond retention. Scheme 30 
HO CH2 NH2 
[1211 
Scheme 31 
In the preparation of D-homoepiandrosterone, the 178L--.ketone 
was accompanied by a small amount of the isonieric 1 7-ketone 52. WendJ..er 
et.al. 53 established that the course of the rearrangement is in fact 
independent of the 0-17 configuration, both epimeric amino alcohols 
of the 3o.-acetoxy-1 I -ketopregnane series affording, on rearrangement, 
an approximately 6:1 mixture of both 17a-  and 17-D-homoketones. (1 20) 
and (121). Scheme 31 . The action of nitrous acid on 17o.-hydroxy-20-
amino-0-21 -steroids also leads to D-homoannulation, and Ramirez and 
Stafiej found that the 20'epimers (112) and (1 23) give the epimeric 
17o-methyl-D-homo-17-ketone (125) respectively. They interpret the 
stereo'specificity of the reactions in terms of steno strain in a 









More recent work by Kirk at a1. repeating the Tiff eneau-
Demjanov rearrangement, found the D-homo-5a-andrOstanl 7a-one and -17-one 
from dehydroepiandrosterOfle in appro.inate ratio 20:1 respectively. 
In 1971, Johns and Salam=5 5  used the method of carbene 
addition to enol ethers and acetates followed by rearrangement of the 
resulting cyclopropyl derivatives. The dibroino- and dichiorocarbenes 
were generated from haloform and potassium tertiax*utoxide, the 
addition products (127) and (1 28) being unable to be isolated but 
rearranging directly to the conjugated monohalide ring expanded 
products (1 29) and (130). 17-Methoxy-16a, 17-cyclopropano -androstan-
3-0I acetate (132) was prepared by addition of carbene from &iethyl 
zinc and methylene iodide, the rearrangement to the required D-homo product 
(133) being accomplished with iodine. This reaction was also done on 










• R:.Ac;RrE 	26J RH;REt;X.Ct[12.7]RH;XcI.  [129] 
R=. Ac;RCH31] RH;REt;XBr[128J RH;XBr .[130] -  3[ 
:R Ac Rf Ac .134 .RAc;RfCH3;X.HL132J RAc;XH 133• 
- 	 R=Ac1=Ac ;X H t3 5] 
Scheme 33 
The dithlorocarbene was also made from the thermal decomposition of 
sodium trichioroacetate to form the same homol'ogated steroid. An 
alternative ring expansion shown in this work, was via a seco steroid 
(138) formed by the action of sodium metaperiod.ate and ruthenium 
dioxide on the I 7-methyl-d 6-steroid (136) giving 3-hydroxy-I 7-ke'to- 
I7..methyl-I6,I7-seco -andrOstafl-1 GOic. acid methyl ester after treatment. 
of the acid(I 37) with &iazoniethane. Reaction with sodium methoxide 






536' 	Y=OR 	3-71 	39J 
YOCF4[138J' 
Scheme: 314. 
Ring-D expansions have been known for many years so there 
are many more homologation rearrangement reactions, only the best. 
known types have been summarised. Further syntheses of ring expanded 
steroids were commenced, the enlargement of the C-ring being. studied 
more closely because of the existence of only limited data on 
homologation of this ring.. The. results of the investigations are 
described in the following sections. 
.33 
2. Discussion 
2.1 	Tiff eneau-Dem.j anov Rearrangements 
The reaction route leading to Tiff eneau-Deinj anov rearrangements 
was used by Goldberg and Kirchensteiner 4 to obtain the first known 
homosteroids by the homologation of cholestan-3-one and and.rostan-3-one. 
Scheme 35 . Repetition of the scheme as a template for further 
studies was undertaken, not only by the original method but also by a 
slightly modified version in as much as the cyanohydrins were prepared 
by reaction of cholestan-3-one (1) with acetone cyanohydrin in the 
presence of base at room temperature, as well as by reaction with 
potassium cyanide, the former giving better yields under milder and 
less hazardous conditions. Acetylation and one .recrystallisation of the 
resulting product from methanol. afforded the expected pair of cyanohydrixi. 
acetates (3) and  (5). Further recrystallisations gave pure 3-acetoxy-3a.-
oyano-cholestaxie (3) but the mixture was used in the hydrogenation and 
.subsequent rearrangement, the stereochemistry having already been shown 
to have no effect on the ratio of homologues produced 15. Reduction with 
lithium aluminium hydride to the hydroxy-amines (7) and (9) followed by 
slow distillation of their acetone solution formed the corresponding 
acetonides (140) and (141) which crystallised from the cooled residue 
as a white solid. The n.m.r. spectrum of the mixed acetonides' showed 
peaks atr6. 94 andV 8.65 which have been assigned. to the two protons o 
to.' the io  group and to the germirA.l methyl groups respectively. Nitrous 
d.earnination of these acetonides and 'chromatography - of the product on 
alumina gave, on elution with petrol-ether, a ring-A expanded steroid 
ketone, shown by Levisalles et.al.. 15 by optical rotary dispersion and 
circular dichroism techniques to be a mixture of A-homocholestan-4-one (1 3) 
ACO4t} 
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fig. 1. n.m.r. spectrum of A-Homocholestan--3-one and 4-one mixture 
with expansion showing the split peak att9.2O1 
34. 
and A-homocholeatan-3-one (ii) which, although indistinguishable by 
chromatography, infra-red or mass spectra, do show a slight difference 
in chemical shift of the C-19 methyl signals in the n.m.r. spectrum. 
Expansion of the spectrum of th4lcetonic mixture shows the broadened peak 
at't9. 201 in the original spectrum split into two peaks of equal intensity 
substantiating the presence of an appriximately 50:50 mixture of homologous 
ketones as put forward by Levisalle Fig 1"''. 	The' A-homocholestanones were 
produced in 10%  overall yield from cholesterol, the results compared 
with previous work are sin'msrised in Table 6. Scheme 35 
Compounds 
age yields rnm.r. (t) 
Refer-. C18 C-19 
ences methyl methyl 
holestan-3-one 9.35 9.00 
yanohydrins 73 89 
uiinomethyl alcohols 61 85 88 
.cetonides 62 81 68 9.38 9.22 
_Eomocholestanonea' 69 70 28 69 9.34.6 9.201 
Table 6 
Extension of the scheme to ring-C was attempted with two 
C-12 ketones as substrates, hecogenin acetate (14.2) and a derived 
product of hecogenin, 3, 	 2-one (152). Hecogenin, 
a sapogenin which Markereai 6 isolated in 1943 and characterised as 
a 3-01 of the 5m- series, is extracted from sisal plants from Yucatan 
and East Africa as a starting material for cortisone production by 
transportation of thlketone  from C-12 to C-1 
57 1 	provides a ready source 
of I 2-keto steroid. 
AcO 
[1,42] 


















The cyanohydrins of hecogenin acetate (143) and (144) 
previously reported by Eirschmaxm et al. 58 and made by reaction of 
hecogenin acetate with potassium cyanide or alternatively hydrogen 
cyanide, were prepared in almost quantitative yield by warming a slurry 
of hecogenin acetate in ethanol until colete dissolution took place. 
Dropwise addition of triethylamine then precipitated the cyanohydrins 
which were filtered off. Scheme 36 
Although Ilirschinann assigned the configuration, this seemed.. 
unnecessary in the present case as the epimeric hydrogenated cyanohyd.rins 
(1 45) and (1 46) are assumed to rearrange in a similar manner with nitrous 
acid as is the case for ring-A, and ring-D. Acetylation gave no reaction 
with the 12-hydroxyl so the cyanohydrins were hydrogenated directly under 
an atmospheric pressure of hydrogen in the presence of Adams. catalyst to 
give the epimeric I 2-aminomethyl-1 2-hydroxy-t±gogenin acetates the mass 
spectrum of which shows a low intensity molecular ion at /e 503 (1.5%) 
and a peak assigned to loss of the arninomethyl group at flu e  473 ( 1 5%) (149). 
kScheme 37 
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36 
Nitrous acidS dearnination gave the crude final product as a gum 
showing a carbonyl stretch in the infra-red spectrum at 1697cm 1 . The mass 
spectrum shows the molecular ion at m, 486 (11%) the molecular ion of C-homo 
hecogenin acetate (1.47 or 148). The parent ion of hécogenin acetate is 
139 arising from degradation of rings-E and -F 59 . 'Scheme 38 , however, the 
parent ion becomes m1 126 in the ring-C expanded homologue. Although the. 
influence of -carbonyls are well known in determining the fragmentation 
patterns of steroids in the mass spectrometer, the effect of removal of the 
carbonyl in hecogenin to a y-position in respect to C-17 in 12-keto-C--homo 
hecogenin, (148), one of the possible products in the hornologation, can not 
be invoked in this case to explain the change in parent ion since both-11-
keto tigogenin (165) and 12_axninomethyl_12_hydrOXy_tigOgenin (145) (1.46) have 
Ut1 139 as their parent ion, with less intense peak at. m/e 126 (38%). Fig.2. 
The twist chair conformations Scheme 391, will be the most stable 
for the C-homo compounds, the twist chair in the seven-membered rings being 
9.24kJ/mole lower in strain energy than the full chair and 10.5KJ/mole lower 
than the twist boat. Other conformations such as full boat are considered 
to be energetically prohibitive 
60 As with the six-membered ring 11- , and 
12-ketones, where an upfie].d shift of the C-18 methyl signal, and a down-
field shift of the C-19 methyl signal in the n.m.r. spectrum on going from 
the 12- to the 11-ketone are predicted, due to the change in shielding by 
the carbonyl, so it can be predicted from the conformational isomers, that 
the two possible products of ring-C homologation, namely C-homo-12-keto-
tigogenin acetate (148) and C-homo-12a-keto-tigogenin acetate (147) 9 would 
give differences in their n.m.r. spectra. The two extreme conformations 39a 
and 39b of the 12-ketone show similarities to the TC3 and TC4 conformations 
in the expanded ring-A of A_Homosteroids,61623 the conformer 39& probably 
playing the major role due to interaction of the-C-18 methyl protons 
TC3 	 TC4 
Extreme conformers. of A-homo- 3-ketone 
TC3 TC4 
F,x+-rp-me ccn formrs of A-hano--4-ket one 
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and the p-pro ton of C-11 0  This is even more so for the extreme 
conformers of the 12a-ketone where 39c would :play the major role. So 
a larger upfield shift could be predicted for the 0-18 methyl signal 
in the 12-ketone compared to the 12a-ketone due to a larger degree of 
steno environmental change of the methyl in relation to the carbonyl 
in the 1 2-ketone compared to hecogenin acetate. The nm.r. spectrum 
of the product in fact shows only one signal for a 0-18 methyl, upfield 
compared to that for hecogenin acetate and one signal for a C-I 9 
methyl, downfield compared to hecogenin acetate. Table 7 . Fig-3., 
Compound 
Methyl signals ('v) 
018 019 
Hecoge" 1-n Acetate (142) 9.05 8.95 
11-kéto tigogerrin 9.26 8.76 
0-homo product (147,14.8) 9.13 8.74 
Table 7 
This suggests that in fact C-homo-12-keto-tigOgenizi (148) is the 
major if not sole hoinologated product of the Tiff eneau-Deinjaflov 
rearrangement, and that the M miiShed peak at rn/c 139 in the mass 
spectrum is due to a combination of movement of the carbonyl from a 
- to a - position with respect to C-17 and change in conformation 
of ring-C imposed by addition of the extra carbon. 
This preference for one isomer is also in line with 
predictions from study of the 'Dreiding models of the intermediates in 
the rearrangement Scheme 40 , shown here for axial aminornethyl and 










[1511, 	 [1481 
Scheme 40 	 - 
The 	IeJ\S.put forward to explain the erroneous result 
that the 1-keto homologue was the sole product in Tiff erieau-DemiaxiOv ,  
expansion of ring-A, namely that of non-bonded interactions in the 
intermediates, cannot explain, the results of ring-C expansion since the 
interactions, represented by double-headed arrows, between the C-i 0 
hydrogen and C-12 hydrogen in intermediate (150) leading to the 1 2a-ketone 
(11+7) are shown equally in the intermediate (151) leading to the 1 2-ketone 












the intermediate three-membered ring leading to the 12-ketone in (151) 
shows a partial tertiary carbonium ion nature not shown in the 
intermediate (150), the C-18 methyl will help to stabilise the positive 
charge and so lead to a preference for this intermediate and hence also 
for the Chomo-12-ketone (143). 
Deuterium exchange gave no defin.ate answer to whether or not 
only one hc1ogated product is formed since, although a peak appears in 
the mass spectrum at flu e  448, four mass units above the molecular ion 
for C-homo-1 2-keto-tigogenifl, peaks also appear at m/ e 447 and m/e 146, 
which, if only the 12-ketone is present, can be explained only by 
incomplete deuteration. 
Thin layer chromatography of the product showed only one 
spot, however, the coincidence of both ring-A. honiogues suggests that 
both ring-C homogues would probably also hav& the same Rf value. Gas 
chromatography proved impossible for these sapogenins, the samples being 
adsorbed. on the column. 	- 
The complete homologation reaction sequence was also applied 
to 3, 20-dihydroxypre1afl-1 2-one (152) which gave good yields of 
cyanohydrixis (1 53) by reaction with potassium cyanide. Hydrogenation 
under rarious conditions however gave no appreciable amounts of any 
steroid other than starting material. Scheme 41 . 
t 	 - 
ME 
Jones and. Price6 prepared the corresponding ring•-
aminomethy1a1coho1s (7) and  (9) via the exocyclic epoxides of 
cholestan-3one (154.) and (17) which were converted after the manner 
of Favre6  into the hydroxy-'azid.es, 3-azidoinethy1-5a-chOle8te.fl-3a.-01 
(i) and 3c.azidomethy1-5-chOJ.e$tafl301 (156), and thence by 
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Scheme 4.2 
This offered an alternative route to homo-steroids which 
was less hazardous, and which gave high yields for the ring-P. series. 
The exocyclic epoxides at the 0-12 position were already. 
known, prepared by Bladon and McMeekin by peracid reaction with 
41 
with 12-methylene..tigogenixl (157) Scheme 43. Ketones in ring-D had 
65 been found to react with trimethyl suiphoxonium iodide 	and sodium 
hydride giving exocycic epoxiães 66 ' 6 . Application of this reaction 








The n.m.r. spectrum of the recrysta.11ised product showed, by 
comparison with previous results, that only the 12,12 1 -epoxide (158) 
was preasnt showing a C-18 methyl peak att.9.16, C-1 9 methyl peak at 
t9.06, and the methylene of the expoxide att7.5. There was ñàne 
of the 120,12 1 -epoxide  which (159) would have shown peaks att9.15 
(6-18 methvl),t 9.03 (C-19 methyl), andt7.03 (epoxide methylene) 
which however could not be traced. 
This preponderance of axial methylene is in line with 
results of the epoxidation of 12-methylene tigogenin which furnished 
the I 2m, 12' - and I2,12'-epoxides in 2:1 ratio; and with the action 
of methyl magnesium bromide with hecogenin, which, contrary to earlier 
reports 




1,2-kzidomethyl-1 2hydroxy tigogenin (160) was then prepared 
in high yield by reacting the exocyclic epoxide (158) with boric acid 
and sodium azide in ref luxing dimethyl forinamide. One signal in the 
n.m.r. spectrum 9tt9.20 Was assigned to both C-18 and C-19 metbyls, 
the methylene from the I 2-azid.ome thy1 appeared at  6. 68, the expected 
B splitting pattern being masked by other peaks due to the sapogenin 
nucleus. Treatment of the azide with zinc powder and hydrochloric acid 
causes nitrogen loss. After removal of, the zinc nitrous acid was added 
to perform the rearrangement to the C-how-steroids. Scheme 44 
T.L.C. of the reaction product showed a number of components with two 
main spots and at least two others. One ma in spot corresponded: to 
hecogethm whose presence was also indicated, in the infra-red. (1710 cm; 
12-.ketone) and mass spectra (fl1/e  4.30,  molecular ion of hecogenin). 
However, a new carbonyl peak appeared at 1697 cm 	the infra-red 
spectrum of this mixture and the mass spectrum gave a peak at m/ e 1+44 
• (i 5%) assigned to. the molecular ion of C-homohecogenin.• This woul& 
also correspond to the molecular ion of the exocyclic epoxid.e of 
hecogenin, however no evidence for this could be seen either in the 
infra-red or n.m.r. spectra. 
HO.CHN.. 0 23 
f160] 	T147] [1481 
Scheme 44 
4.3 
No additional evidence as to the nature of the ring expanded 
product could be taken from the n.m.r. spectrum, the mixture being 
unable to be completly resolved, column chromatography, followed by thin 
layer chromatography showing the presence of at least two spots almost 
coincidental. The xi. m. r. spectrum proved to be complicated and badly 
resolved although the mass spectrum did show a marked increase in 
intensity of the peak m/e 126 from 5C% of 	139 in hecogenizi, to 76% 
in the mixture, the peak assigned to the molecular ion of C-honio-
hecogenin, M/.4144 gives 2C intensity compared to m/e 126, good 
evidence, with the appearance of the carbonyl absorption. in the infra-
red spectrum, for theformation of the C-homo steroid. 
Attention was first turned to the 1 2-keto steroids as oppose&1 
to 11-keto steroids since the latter speces show more hindrance to 
71 reaction at the carbonyl. Herzog et al found on reacting 3a.-acetoxy-  
5o.-pregn-1 6-ene-1 1, 20-diorie (1 61) with potassium cyanide, an epoxide 
(1 62) plus two other products had formed, these two products thought' to 
be intermediates in a Favorskii rearrangement (1 63) and (164). No 
reaction occurred at the 11-carbonyl however. Scheme 4.5. 
Treatment ofA5-1 1-keto-tigogenin (165) with acetone 
cyonoIydrin under identical conditions to those for hecogenin acetate 
gave no reaction even with prolonged warming, the n.m. r, infra-red and, 
mass spectra of the, product being identical to those of starting material. 
Steno hindrance was again illustrated in the attempted exocyclic 
epoxide formation by reaction of A-i I -keto-tigogenin with trimethyl 
sulphoxonium iodide where again only starting material was recovered. 
Scheme 4.6. 
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The successful application of the Tiff eneau-Dern.janov 
rearrangement therefore, proved limited, to the I 2-keto sapogeniris, 
the availability of the aznixioa.lcohols being the 1 i rniting factor in 
the yields of honlogation product, the crude C-hoino-hecogenin 
acetate being made in ii% overall yield from hecogeni.n acetate via 
the cyanohydrins. Difficulty ,  in purification of the products, also 
allowed only limited study of C-homo--hecogenin ketone ratios although 
the 12-keto isomer appears to fornitoa greater extent. if not to the 
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Experimental Procedure 
Melting points were determined on a Kofler hot stage 
apparatus and are corrected. Infra-red spectra of carbon disulphide 
solutions were recorded on a IJriicam S.P. 200 spectrometer. Nuclear 
magnetic resonance spectra of deuteriochiOrofOrni solutions were 
recorded on a Perkin Elmer RIO (60AH) spectrometer, an 
EM-360 (60A) spectrometer or a. Varian HA. 100 (1 00 IvlEz) spectrometer 
with tetramethylsilne as an internal standard. 
Merck silica gel GF254 was used for thin layer chromtography and 
the eluting system- was benzene-ethanol (9:1) unless otherwise stated.. The plates 
were developed with sulphuric acid in. ethanol. (1:19) spray and then 
heated. Ali im1ra refers to Spence type Al aliimira. of Brockman activity 
2 and 5% deactivated alumina to alumina deactivated with /o by volume 
of a ic$ solution of acetic acid... 
Mass spectrometry was. carried out on an AE'r MS 902 instrument, 
operated at 70eV by Mr. D. Thomas. Small samples were transferred to a 
quartz. direct insertion probe as solutions in chloroform and the 
solvent was removed by evaporation. 
Gas chromatography was carried out on a Perkin Elmer mode]. 
80i instrument with 6 ft all glass columns of I,tt  internal diameter. 
Stationary phases were the methylsilicone, 07-1 and the rnethylsiloxane 
polymer, SE-30. Various column temperatures were used and are stated 
in the text. The detector and injector were maintained at slightly 
higher temperatures than the column. 
4.7 
2.2 	Eerimental Section 
A 	Preparation at' A-homocholestanOfle (ii ) (13) 
2. 2.i 	Cho1estan-3-0172 
Cholesterol (12. 59) was dissolved in ethyl. acetat170m1) 
at 40-50C and was hydrogenated at room temperature and pressure in the 
presence of 1C% palladium/charcoal (1.0g) and 70-7,Vc perchioric acid. 
(5 drops) . The hydrogen uptake was. complete in 4.0 minutes when 50% 
sodium hydroxide (1 ml) was added,, the catalyst was filtered off and 
the solvent' was removed using a rotary evaporator. The resulting white 
solid was recrystaJ.lised from methanol to give cholestan-301 (I 0.1 g, 
84$); m.p. 139-14.1 	(lit. ,72 14.00); n.m.r. (60 Ez)t 9.36 (0-18 methyl) 
9.20 (C-19 metkyij. 
2.2.ii 'Cholestan-3-One74Ll) 
Cholestan-3-01 (6.0g) was dissolved in acetone (4.00ml) 
and 8N chromic acid (i i). was. added. After- 4 minutes,. excess reagents 
were destroyed with methanol, water (Li.Oml) was added and the acetone was 
stripped off using a rotary evaporator. The product which had precipitated. 
out was extracted into ether and the ethereal solution was washed with 
dilute hydrochloric acid then with water before being dried over 
magnesium sulphate. After filtration, the solution was evaporated to 
dryness leaving 'a white solid residue, one recrystaJ.lisatiOfl of which 
from acetone gave cholestan-3-one (3.69g, 51%); m.p. 125-127 (lit., 74. 
128-1290); V 1  1720 cm; n.m. r.. (60 MHz)' 9.35 (C-18 methyl), 9.00 
(0-19 methyl). 
2. 2.iii 3_Acetoxy-3-cyanoChOlestafle epimeric mixture 4. (3) (5) 
Cholestan-3-one (1.0g) was dissolved in ethanol (7m.l), 
benzene (J+ml) and water (o. 05m1), potassium cyanide (0.25g) and acetic 
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anhydride (0. 25m1) were then added to the solution at 0°C • After 
stirring for 2.5 hours at 000, water was added and the steroid was 
extracted into ether. The ethereal solution was washed with water. 
dried over magnesium sulphate and evaporated to dryness. The colourless 
glass-like residue was dissolved in pyridine (3m].) and acetic anhydride 
(3m].) was added, the mixture was then allowed to stand at room temperature 
overnight The solution was then poured into water and extracted. three 
times with ether, the ethereal solution was w&shed with dilute hydrochloric 
acid, dilute sodium carbonate solution, dried over magnesium sulphate, 
filtered, and evaporated to dryness.. The white solid remaining was 
recrysta.1J.ised once from methanol to give the epimeric mixture of 
3-acetor_3-cyanOcholestafles (0- 56g,. 52%); m.p. 123-1250  (lit. , 123-1260); 
Vmax, 1755, 1228, 1033  cxzi 1 . 
2.2. iv 	 (3) 
To a solution of cholestaxi-3-one (1.0g) in ethanol (iOml) 
was added freshly distilled acetone cyanohydrin and triethylmine (2xnl).. 
The mixture was then ref ].uxed for 3 minutes before being poured into 
water, the precipitate formed was extracted into ether. Acetylation was 
carried out as in 2.2. iii with pyridine (3m].) and acetic anhydride (3m].) 
giving the epimeric pair of acetylated. cyanohydrius (0.86g, 706); m.p. 
122-1260 (lit., 123-1260). Three recrystallisations from methanol 
yielded the pure 3-acetoxy-3a.-cyanO-chO1estane (0.239, 2 1 %); m.P. 
117-:1220  (lit., 123-126, 125-1 26) ; Vrna.x 2900, 2100 2 1720, 1 245 cm 1 . 
2. 2.v a.Epimeric mixture of 3-minomethyl-cholestaii-3-ols (7)(9) 
3-Acelxxxy-3-cyanocholestane(1 .Og) was dissolved in anhydrous 
ether-, (15m1). whith was added dropwise to a slurry of lithium 
aluminium hydride (1.0g) in refluing anhydrous ether (4.5m1). 	After 
addition was complete, the reaction mixture was refluxed for a further 
4.9 
hour before the excess litium aluminium hydride was destroyed by the 
careful addition of dilute sulphuric acid. The ether layer was 
washed with 10%. sodium hydroxide, dried over magnesium sulphate, 
filtered and evaporated to dryness to.leave a white solid residue 
(618mg, 61%).. 
b.The acetonides of 3-aminomethyl-cholestan-3-Ols (140)(14.1) 
The axninomethyl cho1estols (618mg) were dissolved with 
warming in acetone (8 ml) and the acetone was slowly distilled off 
until a white czystihifle solid began to separate out.. The reaction 
mixture was then cooled and the solid was filtered off and recrysta llised. 
from acetone to give 3-(5-spiro-2' ,2'-dimethyloxazolidinyl)-chOlestafle 
(383mg, 6); m.p.. 1461480 (lit., 5 ' 9 14.5-14.60);Vm ax 840, 820 cm-1 ; 
MHZ)V9.38 (c-18 methyl). 9.22 (0-19 methyl), 8.65 (gemi1 
methyl s), 6.94 (2 protons a. to imno). 
2.2.vi 	A-omocholestanone9 (lI)(13) 
The epimeric mixthre of acetonides (0.2g) was dissolved in 
a mixture of glacial acetic acid (3.75m1) and ether (1.25m1) and the 
solution was coQledto _1000. A solution of sodium nitrite (0.59) in water 
(2. 5m1) was then added dropwise, the temperature never , being allowed to 
rise above 50C. After all the sodium nitrite solution had been added, 
the mixture waa stirred. for 3 hours at 0°C. The mixture was then poured 
into water and the precipitated steroid was extracted three times with 
ethr,, the combined extracts were washed with sodium bicarbonate 
solution, dried over magnesium. sulphate, filtered and evaporated to 
dryness leaving a pale brown oil.. Chromatography on 50 deactivated 
alumina (20g) and elution with petro24r(4.0-600) gave a white 
crystalline material (0.159). One recrystallisation from ethanol gave 
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the approximately 50:50 mixture of A-hoinocholestan-3-one (ii). and 
A-homocholestan-4-one (13) (0.1 2g, 6); m.p. 80.820 (lit. , 4- 85-870, 
86-880);V 	1700 cm; n.m.r. (100104t9.346 (0-18 methyl). 9.201 
(2 peaks; 0-19 methyls), 9.171, 9.106 (C-26 and 0-27 methyls), 9.130, 
9.074.(C-21 methyl). 
B 	Preparation of C-homohecogenin acetate via the cyanohyd.rins 
2.2. vii 12-Gyano-1 2 -hydroxy-..tigogenin acetates (14-3) (144) 
Hecogeziin acetate (0.59)  was suspended in acetone 
cyanohydrin. (7m1) and ethanol (7m1)  and triethyl-mirie. (5 drops) were 
added. The steroid completely dissolved on warming followed immediately 
by theforxnation of a heavy precipitate. Warming was continued for a 
further 5 minutes,. the reaction mixture was. then cooled and the product 
was filtered off and washed. with hot ethanol then dried in a stream of 
air to give the epimeric mixture of I 2-cyano-1 2-hydroxy-tigogenin. 
acetates (0.51g, 9); m.p.. 268-2729 (lit..58 , 271-2750).;Vmax 34-50, 
2930, 1735, 1050, 1035, 980, 898en 1 ; mass spectrum. m/e 4-99 (M, 	). 
2.2. viii Hydrogenation of I 2-cyano-1 2-hydroxy-tigogenin acetates 75 
a.Adaxns catalyst with perchloric acid 
The 12-cyano-1 2-hydroxy-tigogeniri acetates (50mg)  were 
dissolved in ethyl acetate (1 Omi) and hydrogenated at room temperature 
under one atmosphere of hydrogen in the presence of Adams Catalyst. 
(Pt0.H20,100mg)and perchioric acid (2 drops). No more hydrogen was 
taken up after J+ hours when the catalyst was filtered off and the 
solution was evaporated to dryness leaving a gum (54mg). The t.l. c.,. 
infra-red and mass spectra of the product showed it to be unreacted 
cyanohydrins with traces. of two other components. 
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b.Presh Adams catalyst in acetic acid. 
The 12-cyano-1 2_hydror-tigogenin acetates (300mg) were 
dissolved in acetic acid. (50mJ.) and hydrogenated at room temperature 
under atmospheric pressure of hydrogen in the presence of Adams 
catalyst (100mg) from a fresh batch. After stirring overnight, the 
catalyst was filtered off, water was added to the mixture and the 
product was extracted into ether. The ether extracts were combined, 
washed with 5% sodium bicarbonate solution, dried over magnesium sulphate, 
filtered and exaporated to dryness leaving a yellow-brown solid (268mg). 
T.L.C. showed two spots, the minor one of which corresponded to hecogenin 
acetate, n.m.r. (60 MHz)t 9.13 (0-18 and 0-19 methyls), 7.98 (0-3 acetate); 
sass spectrum /e  503 (Mi, 1- 5/7-), lil/e 473 (M-0H2, 15%)  1 2-aminomethyl- 
I 2-hydroxy-tigogenin acetate; M44.72 (M,i 3%) hecogenin acetate. 
2.2.ix .C-Homohecogenin acetate (148) 
The crude I 2-aminornethyl-1 2-hydro-tigogenin- acetates (i 00mg) 
were dissolved in acetic acid. (20ml) and the solution was stirred at 
0°C witlithe dropwise addition of sodium nitrite (0.25g) in water (i . 25m1). 
The reaction mixture was stirred for 2 hours at 0°C after addition was 
complete,., then- at room temperature for a further 2 hours. The solution 
was then poured into water and extracted. into ether.. The ether layer was 
washed with 5$ sodium bicarbonate solution then with water, dried over 
magnesium sulphate, filtered and evaporated to dryness leaving a yellow 
viscous gum (62mg). T.L.C. showed one spot;Vm 1697 am:--l; n.m.r. (60]MHz) 
t9.13 (C-18 methyl), 8.74  (0-19 methyl), 7.98 (0-3 acetate) mass spectrum, 
/ 486 (M4,. ii%), m/ 4.56 (4%), m/e 414 (18%),m/e 372 (35%), m/e  342  
(71 %), 	139 	m/'e 126 (i oc), I 2-keto-C-homohecogenin. acetate. 
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C 	Preparation of O-honiohecOgeflill via the exocycic epocLdes of 
hecogenin 
2. 2.x 	1.-1 2' -Epoxy-1 	 (158) 
Hecogenin acetate (1.0g) wasad.ded to a stirred slurry of 
sodium borohydride (1.59) and trimethyl SUphOXOnJ.Um iodide (4.g) in 
dimethyl forrnaide (lOOmi) at room temperature.. After 16 hours, the 
mixture was poured into water and the resulting prcipitate was filtered 
off, washed with water, then dried in vactio., One crystallisation from 
methanol gave pure 12D,,12 1 -epoxy-12p-methyl  tigogenin (91mg, 97%); m.p. 
214.0-24.2°  (iit,.6  2402)+20) ; V m 2810 cm-1  . no peaks corresponding to a. 
carbonyl but. the 0-O-C- ether bands of the E- and P-rings mask the peaks 
from the exocylic epoxide; n.m.r. (60 MHz)' 9.16 (0-18 methyl) ,9.06 
(0-19 methyl),. 7.4.5(C-12' methylene); 7.45 (0-12' methylene); mass 
spectrum, lilt, m/ e 444 ( 1 7%)!.. 
2. 2., xi. 	I 2-Azidomethyl-1 2c.-hydroxy-tigoReflifl (160) 
I 2ci 2' -Epoxy-I 23-methyl-tigogeflin (75mg) in dimethyl 
formamide (20m1) was heated under ref lux for 3 hours with sodium aside 
(i g) and boric acid (i g). A suspension formed during this time, water ,  
was then added and the precipitate was filtered off, washed with water 
and. dried in vacuo giving I 2-azidomethyl-1 2.-hydroxy tigogenin as an 
off-white solid. (83mg, ioc%). T.L.C. showed one spot;V niax 2910 cnf'; 
n.m.r. (60I1Hz)t'9.20 (0-18 and 0-19 methyls), 6.68 (0-12' methylene). 
2. 2. xii C4Honiohecogenin 
I 2-Azidomethyl-1 -hydroxy-tigogenin (1.0g) in acetone 
(60nil) was treated with concentrated hydrochloric acid. (6.5m1) and 
stirred during gradual addition ( 5 minutes) of zinc powder (79). 
After approximately 4.5 minutes, when gas evolution had ceased, the 
mixture was filtered to remove the zinc powder which was washed well 
5 3 
with acetone. The combined acetone washings and reaction mixture were 
concentrated to small volume. Fresh acetone (30m1) and water (200mJ.) 
were added and the solution was extracted twice with ether. The 
acetone-water layer was then cooled below 50C and sodium nitrite (39) 
added. After 3 hours below 5°C, _the reaction mixture was allowed to 
warm to room temperature and the acetone was removed in vacuo. The 
precipitate formed was extracted into ethyl acetate, the organic layer 
was removed, dried over magnesium sulphate, filtered and evaporated 
to dryness leaving, a yellow glass (43mg). T.L.C. showed. twomain spots. 
and two minor spots ; Vma,x 1707cm 1 ; mass spectrumM, m1 430 (30rn) 
hecogenin; V 	1697cm 1 ; mass spectrum, MI', Ye  414 (i) C-homo- 
hecogenin;' calculated for C24404 444. 323941, found 444.. 323935, 
139 (ioc$), m/126 
D 	Miscellaneous Reactions 
2.2. xiii Reaction of 5-1 I -keto-tigog,enin (165). with acetone cyanohydrin 
The reaction as carried out as in 2.2. vii with&-1 I -keto-
tigogin (0.5g) and acetone cyanohydrin (7m1). No precipitate was 
formed. On warming, even after 1 hour. Addition of water precipitated 
a. - solid which was filtered off, washed with water and dried in vacuo 
(483 mg). T..L..C. showed one spot of same polarity as 5-1 1-keto-tigogenin; 
Vmax I 705cm 1 ; n.xn.r. (601Hz)V 9.26 (0-18 methyl), 8.76 (C-19 methyl), 
-11 -keto-tig9gen ; mass spectrum, M, 428 (34$). 
2. 2.xiv Reaction of 5-1 I -keto-tigogenin with trimethyl sulphoxomiuth 
iodide 
The reaction was carried out as above, 2.2.x.,, withA1 5-1 1-
keto-tigogenin (i . O'g), sodium. borohydride (1. 5g) and trimethyl su.lphoxoniun 
iodide (4g) in dimethylformm1de (lOOmi). Addition of water to the 
54. 
reactionmixture precipitated a solid which did not extract into ether 
but foxed an emulsion. Chloroform extracted the product, the 
chloroform layer dried over magenesium sulphate, filtered and evaporated 
to dryness leaving a white solid (1.09). The t.l.c., infra-red and n.m.r. 
spectra were identical to those of 65-11 -keto-tigogenin starting material. 
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3.1 Ring Expansions with caxk erie addition reactions 
76,80,81 
Because of the reactiv nature, of cazienes, 	they 
provide a facile route for the introduction of an extra carbon atom 
into the steroidal ring system. Suitable substrates were however 
required to accommodate the strongly basic conditions under which the 
caienes are generated. 82,83 They need to be unaffected themselves by 
base but lend themselves to subsequent rearrangement. Following the 
work of Levisailes et al. in rniring a methyl enol ether of cholestane, 
the 3,3.dimethoVcholeStafle77  (21) was prepared by reaction of cho].estane-
3-one (19) with methanol and concentrated hydrochloric acid. catalyst. 
Pyrolysis at 2200C in xylene78  of the 3,3_dimethoxy steroid then furnished 
the reçuired 3-niethoxy-cholest-2-efle (23) in an overall yield of6 
based upon the starting ketone. The addition of the carbene, generated 
from chloroform with potassium tertiarybutylate to the steroidal olefin 
could be followed by the' disappearance of the olefinic triplet centred. 
around 5.50 in the n.m.r. spectrum due to the single proton at 0-2 in 
the substrate (23). The oyclopropane product (24) was made in 63% yield, 
however, the yields for the rearrangement step found. by Levisalles could 
not be matched, treatment with silver acetate in acetic acid under 
ref lux. for 40 hours giving only 37% of 3-ohloro-A-homocholest2-en4-Ofle 
(26) after purification on a. silica gel column, compared to a claimed 
yield of 56%. Hydrogenation of the 3-chloro-2-olefin in benzene with I 
palladium on charcoal afforded the saturated. ring-A expanded ketone, 
A-hoznocholestan-l-One (i 3) showing an absorption in the carbonyl region 
of the infra-red spectrum at I 700cni compared. to 1710cm7l  for the 
starting material. The C-I 9' methyl signal in the n.m. r. spectrum shows. 
the expected upfield shift79 fronit9.0 in cholest-3-one tot9.201 due to 
loss of net deshielding.' The triplet due to the olefinic proton in 
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3_chloro__homoChO1est-2-efl40fle centred aroundt3.29 was now gone as 
had the chlorine atom during the hydrogenation of the double bond. 
Preparation of the previously unreported I 7-inethoxy-A-hOmo--
athrostan-4.-one (171) by the same process proceeded in good yields 
giving a 75% carbene addition. Starting material was I 7.metboxy-
androstan-3-one (166) made from I 7hydroxy-androstan-3-Ofle (2) by a 
Purdie methy1ation. 8 The carbonyl band of the product appeared at 
1702cm71 in the infra-red spectrum and an upheld. shift relative to 
starting material, of the 0-19 methyl signal in the n.m. r. spectrum 
occurredfroxnt'8.98 in the 1 7P-methoxy- andrOstan-3-Ofle ,  tot9.20 in its 
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fig.. 4 Mass spectrum of 17-methoxy-A--homoandrostan-4--ofle( 171.) 
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The results are tabulated. Table 8. 
Compound 
infra-red. n.m.r. G.L.C.. 2500C SE-30 
CO 
stretch 





cm:-1 ('c) (t) (mins) Rf product 
Cholestanone 1710 9.35 9.00 24.8 
7:5' 
• A-homocholes- 1700 9.35 9.201 34.8 
ton-4..-one 
17-methoy- 1708 9.23 8.98 6.0 
andro stan-3- ' 
one 
7:5 




It can be seen from the retention times quoted in table 8 that 
addition of one extra carbon to ring-A increases the time by the same 
proportion, compared to starting material, in both cases.. 
The mass spectrum of I 7_metho 	-homandroàtan-4-ofle fig-J+ 
showed the molecular' ion at m/. 318 which was also the parent ion, 
further important peaks appeared at 5 304.. (2o) and 	286 
(-cH3o,, I 2 .3%). Exact mass measurements of the products of all five 
stages differed by no more' than five parts' per million from that 
calculated, for the empirical foznula in any, one case. 
The limitation of substrate for carbene addition to those 
unaffected by basic conditions was overcome by use of pheny3.mercuric 
carbene precursors studied at some length by Seyferth and various 
cóworkers 7 Their advantage of decomposing under neutral conditions 
8 allowed Stork et al.. . to use an enol acetate as substrate for carbene 
AcO 
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addition leading to a ring-i expanded steroid. Following this work, 
the enol acetate of androstan-3 -one (2), 3 , I 7-di wetoV androst-
2_ene8586 (68),was prepared in quantitative yields by-reaction of 
axidrostan-3-one with acetic anhydride and 72 /17c perchioric acid catalyst. 
Generation of the dichiorocarbefle by decomposition of phenyl (bromo-
dichioromethyl) mercury in ref luxing benzene gave 64% of the addition 










by disappearance of the olefinic proton 
peak of the starting material 
in the n.m.r. spectrum. After 12 hours, 
complete loss of olefinic 
peaks showed the reaction' to have gone to completion, recxstallisatiOu 
of the product giving thepure dichlorocyclOprOPa3le derivative (172) 
which readily rearranged with base,' Scheme 48, to give the unsaturated 
ring-A expanded. ketone (173). Hydrogenation furnished the final product, 
I 7_acetoxy_L_hOmOandrOStan .-one (28). 
The enol acetate of hecogenin acetate (174) would have been 
an ideal starting material for this reaction. route leading to the 
ring-C expanded. homologue. However, attempted enol acetylation by 
reaction of hecogeii-n acetate with acetic anhydride and perchioric acid. 
as catalyst with slow distillation to small volume produced none of the 
required eno]. acetate. Scheme 4.9. Instead, basic hydrolysis of the 
product gave 23fracetyl_Ii ec9gP1l. (175),  the infra-red spectrum of 
which showed absorptions at 1010, 955, 935 and 900cm 1 indicative of 
-87  	 88'8 23-substituted. sapogerrirs. Degredaton of- 	 rg  
was undertaken in the hope that a simpler skeletal structure would allow 
V 
the formation of a
Au
. -12-acetate grouping. Scheme 50., The first step,, 
87 
leading toi_hecogenin(1 76) was carried out according to Cameron et al 
using n-octanoiC acid and acetic anhydride which increased the yields 
produced in the' original method of Marker' who used. acetic anhydride 
alone. 'J-Hecogenin gave no reaction at the 12-ketone under both sets 
of conditions for enol acetylation.. Further breakdown by oxidation to 
3-acetoxy-1 6--ace to nethylvaleroylo 5a.-pregnae-1 2, 20-dione (1 77) 
then by treatment with Spence grade H alumina gave good yields of 3 - 
ace toxy-pregn-1 6-one-1 2,,20-di one (178). Enol acetylation of this 
compound again gave no reaction at C-12 but formed a triaceta.te shown 
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acetylation at C-i 6 being due to the existance of a partial. positive 
charge at C-1 6 under these conditions. Scheme 51. The product is 
thought to form via' a hemi-acetal intermediate at the 1 2-caxbonyl.91 92, 
The infra-red spectrum shows the presence of the enol acetate at I 663cm. 
Further peaks at 1730 and 1710 account for the other two acetates and 
the C-1 2 carbonyl respectively. The n.m.r. spectrum shows the three 
acetate methyls att7.93(C-20 acetate), andt8.00 (0-3 and c-16 acetates). 
Enol acetylation of the saturated dione (179) formed by 
hydrogenation of • the' 3-aceto-50-pregnafle-I 2, 20-dione, gave only the 
&20(17).-20-acetate (185), Scheme 52, with no reaction at C-12. This 












only with acetic anhydride and toluene -4 -suJ4thonic with SlOW 







Protection of the 12-ketone by selective ketal formation 94 
allowed hydrogenatiOfl'6'97'9 of the 20-carbonyl. Removal of the 
protecting group 
99 afforded 33, 20_d hydroxypreaflfl-1 2-one (1 52). 
Reaction with perchioric acid catalyst was again unsuccessful, however, 
acetic anhydride and toluene-4-sulphOI)ic acid formed approximately 5C$ 
of the required 	 ( 186) in the 
crude reaction mixture. Scheme 53. The n.m. r. spectrum of, the mixture 
showed the acetate peaks att8.02,t7.98 due to the 0-20 acetate and 
C-3 acetate respectively, aiid7c90 about 5C?'o as intense as the other 
two and due to the enol acetate. A doublet due to the single olefin.ic 
proton on C-Il appears centred around'4.78. The mass spectrum shows 
a' low intensity molecular ion at m/ 4.60 and the molecular ion of the 
di.acetlated ketone, 3,20_diac e tox pregn-12-One (187), at 
m,,,  4.18. 
This proved a suitable substrate' for caziene addition, treatment of 
the crude mixture with phenyl (bromodichioromethyl) mercury in ref luxing 
benzene for 48 hours resulting in the formation of the dichlorocyc]-oprO-
pane derivative (188), the configuration being assigned on previous 
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The n.m.r. spectrum of the brown solid product now showed no evidence 
for an olefin.ic proton but a C-Ol absorption appeared in the infra-red 
spectrum at 720cri 1 . After 3 days of stirring at room temperature in 
ethanolic potassium hydroxide and pyridine, a pale brown solid was 
produced showing a carbonyl absorption at I 695cra 1  in the infra-red., 
the n.m.r. spectrum of which displayed an olefinic proton signal as 
a broad peak centred aroundt5. 34. due to the single proton at C-il in 
the rearrangement product, 33, 20-dihydroxy1 2-chloro-C-homopregm-1 I - 
en-12a-one (189). Hydrogenation of this unsaturated ketone gave the 
11 
Scheme 54 
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final product, 3(3, 20(3-dihYdroxy- C-hornopregn-1 2a-orxe (190). T.L.C. 
of the crude reaction mixture showed two overlapping spots one of which 
corresponded to the unexpanded starting material (152). RecrystallisatiOn 
• 
	
	from acetone gave pure starting material, the required product remaining 
in themother liquors. T.L.C. of the mother liquors still showed trace 
amounts of starting, material substantiated by the mass spectrum which 
gave a peak at m, 334. corresponding tothe molecular ion of 3(3,20(3- 
dihydroxy prei-1 2-one. However, peaks also appeared at 
m1 
and "1''e 	
(27%) due to the C?homo adduct. This is analogous to the 
unexpanded material which shows the molecular ion at rn1. 34 (i ) and 
a peak at 
rn/f 
 319 (M -15,160%). Also present in the mass spectrum was 
a peak at 
rn,,  34.6 (2o) due to incomplete hydrogenation of the 1 -12- 
chioro ketone (189)e This was however, present only in small• amounts 
since the n.m. r. spectrum showed no olefinic functions. Exact mass 
calculations for 
rn/f  348 gave 34.8. 265370 compared to 34.8.2664-30 
calculated for C23603,  an error oflesa than 3 p.p.m.. For 
m, 
 346 
was found 34-6.250648 compared to 346.250781 calculated for 
an error of less than I p.p.m. The n.rn.r. spectrum shows the expected 
downfield shift of the 0-19 methyl signal compared to the six-membered 
species, the single peak due to 0-19 methyl and one of the two 0-21 
methyl signals att'8. 92 having become two peaks att8. 92 andt8. 90, the 
latter being the new position of 0-19 methyl. The 0-18 methyl signal 
now appears att9.10 oppossed tot9.08 fig. 5. These small changes in 
the spectra reflect the relativelyslight differences in the relationship 
of the;methyi groups, and the carbonyl on going from the six-membered 
ketone to the 1 2a-ring-expanded ketone. As f or hecogenin acetate and 
Chomotigogenin acetate,. the conformer 55a  will exist preferentially 













the C-18 methyl in 55b, that is to say, the conformer relating more 
closely to the unexpanded ketone will be in abundance. Scheme 55 
The infra-red spectrum shows the carbonyl stretch at I 695cm 1 
in contrast to 1703cm 1  for 33, 2Oç3dihydroxypregnat1-1 2-one (152), the 
lower frequency being in line with comparisons of other expanded and 
unexpanded ring carbonyls. 
The alternative ring-C ketone available for enol acetylation 
and hence carbene addition is that at C-I10 Enol ace tylation of this 
carbonyl gives aA9(10 enol acetate 00 (192). This double bond has been 
101 
shown to be unreative, £ritchevsky at al. 	forming only the 17:20 mono 
epoxide (193) by reaction of the dienol acetate (1 92) with perbenzoic 
acid. Although Hirschmann and Wend1eL °2  found epoxid.ation to take place 
at&(h1) under more vigorous conditions there was still a differential 
. 	 A9(11) reaction of the two end acetates ascribed to the hindrance of the 
bond resulting not only from the steno influence of the two angular 
methyls but also from the I 1-acetoxy group. Scheme 56 
o co 	• 
[1921 
Scheme 56 
Carbene addition reactions are also adversely affected by 
certain steric environments shown by the enol acetate derived, from 
cedrene (1 9L.) which does not react with phenyl tribromomethyl mercury 
presumably because of the strong steric hindrance between the methyl 
group on the cyclopropane ring and one of the gem diinethyl groups in the 
eventual adduct (195) and the transition state leading to it 18 Scheme 57 
' I 
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Scheme 57 
a.-Bromiriation to the 1 2-ketone of hecogen.in10315 
followed by dehydrobrominatiOfl10 led to the& i) 4-unsaturated 
ketone. (197) This olefin is now free of any hindrance due to an 
acetoxy group, however, the unreactivity of this double bond Was still 
in evidence as shown by the failure of phenyl (bromodichioromethyl) 
mercury to add a carbene. The product showed identical spectra to 
hecogenJ.n, the.n.m.r. spectrum having an olefiru.c proton peak at 
'4..27 indicative of the- lack of reaction. Scheme 58 
This obvious hindrance rendered it futile to attempt reaction 
of dichlorocarb ene with theA 1 enol acetate in which the double 
bond would show increased hindrance from the 11-ace toxy group. This 
left 	
(12)  speces as the only possible substances for attack 
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Scheme 58 
Attempts were therefore made to form suitable A11 (12) enol 
ethers. Attempted formation of the 12,12-diniethoxy adduct of hecogenin 
acetate (1 98) which would have led to the i& ' -enol methyl ether by 
pyrolysis, showed that this compound could not be prepared,, the infra-
red spectrum indicated that, strong carbonyl absorptions were still 
present even after ref liiiring the methanolic reaction mixture with 
concentrated hydrochloric acid. A. similar lack of success was met with 
for the same reaction with some of the simpler steroids derived from 
hecogenin acetate Scheme 59 , and although 3P_hydroXYpregna-1 2; 20-dione 
(179) formed a ketal Protecting, group Scheme 50 (180), the resulting 
3, 20-dihydroxy-pregna-1 2-one (1 52) gave no diznethoxy derivative with 
methanol and concentrated. sulphuric - acid 
Caglioti and Rosini 106 prepared. the methyl enol ether of 
cho].estan-3-one (23) by bromination a-to the carbonyl followed, by tosyl 
hydrazone formation at C-3 (199). 1,4-EliminatiOn of hydrogen bromide 
then led them to the 2-olefin (200) which was converted to the methyl 
enol ether in 60 yield by reaction with methanol. Scheme 60 . Tosyl 
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hydrazone formation from hecogenin acetate itself goes smoothly, the 
product crystallising out on leaving the reaction mixture to stand at 
room temperature overnight. 107 No such tosyl hydra.zone formation takes 






spectrum of the product being id.ential to starting material showing a 
strong carbonyl absorption. The nemer. and mass spectra confirmed the 
total absence of reaction. 
Enamnine formation from hecogenin and pyrrolidine with 
108 
titanium tetrachloride catalyst 	also proved fruitless, the spectra 
of both product and starting material being virtually identical. 
70 
Carbene addition reactions can therefore form a successful route 
to homosteroids, but the route is limited severly by the availability 
of suitable substrates. The formation of ii (1 2) enol ethers or esters 
depends critically on subtituents at-C-17 or at C'-20 since once the 0-20 
hyd.roxyl was formed (152), enol acetylation took place albeit in only 
5 yield. 0-20 Ketones stop this type of reaction by interaction with 
the 12-carbonyl, these interactions having been welistudied by various 
90,91,92,109 	 -. groups 	 in the course of their examination or the reactions 
of the 0-20 carbonyl. Interference between carbonyl groups was shown 
to be particularly strong for the A1 6.1 2, 20-dione (1 79) in which the 
Al 6(17) bond and 0-20 carbonyl are coplanar. allowing maximum overlap 
necessary for the formation of the resonance hybrid (201) in the preferred 







3 • 2 	Experimental Section 
A 	Preparation of A-Hoiuocholestan-4--one 
3.2.i 	3, 3-Dimethoxy-5a-cholestafle77 (21) 
To a solution of cholestan-3-one (3.5g) in methanol (11) was added 
a trace of concentrated hydrochloric acid and after 1 hour, solid sodium 
bicarbonate (lOg) which had been dried for 1 hour at 110°C. After shaking, 
9 
the mixture was filtered and evaporated to dryness leaving a gum which was 
crystallised from ether to give 3,3-dimethoxycholestane (3.01g, 86%); m.p.. 
82-830 (lit., 77 83.5-840);).)max 1115, 1065czn; n.m.r. (60NHz)t9.35 
(C-18 methyl), 9.21 (C-19 methyl), 9.20.(C-26 and. C-27 methyls), 9.10 
(C-21 methyl),. 6.87 (C-3x methoxy) 6.82 (C-30 methoxy). 
3.2 .ii 	3-Methoxy-cholest-2-efle 78 (23) 
3,3-Dimethoxy cholestane (3.0g) was dissolved in xylene (lOOm).) 
and heated. for 4 hours at 2200C under nitrogen in a Carius tube. The xylene 
was then distilled off leaving a gum which was chromatographed on alumina 
(150g). Elution with benzene gave crystalline 3-methoxy cholest-2-ene (2.2g, 
79%); m.p. 95-960 (lit., 
78  95-97);V max 1675, 1208cm 1 ; n.m.r. (60MNz)t 9.34 
(C-18 methyl), 9.25 (C-19 methyl), 9.20, 9.10, 6.45 (C-3 methoxy), 5.55 (m, 
W. = 5Hz, C-2 olefinic proton). 
3.2.iii. 2,-.3a_D1chloronethylene_3_meth0?CYCh01eStane 15(24) 
3-Methoxy cholest-2-erie (2.0g) was dissolved in cyclohexane (55m1) 
and - dry potassium tertiarDutylate 11° (4.0g) added at 0°C. To this stirred 
mixture, chloroform (4.0g) was added dropwise. The solution turned deep red, 
and after stirring at room temperature for a further 30 minutes, was poured into 
water and extracted with ether. The ethereal solution was washed with water, 
dilute hydrochloric acid, saturated . sodium bicarbonate and saturated salt 
solution, dried over magnesium silphate and evaporated to dryness. The residue 
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was chromatographed on alumina (150g) and elution with benzene gave a white 
crystalline solid, 2, 3a_dichloromethyle _3p_methoxy-Chomestane (1.5g, 63%); 
Vmax 1115cm; n.m.r. (60 MHz)t9.34 (C-18 methyl), 9.20, 9.18 (C-19 methyl), 
9.10, 6.55 (C.-3 methoxy). 
3 • 2 • iv 	3_Ch].oro_A_homochOleSt-2-efl4-0ne1 (26) 
2ct, 3_DichloromethYlefle_3_meth0XY_ch0le5ta ('1.5g) was dissolved 
in acetic acid (60rnl) and water (8m1). Silver acetate (0.75g) was added and 
the mixture was heated under reflux for 40 hours. This was then diluted with 
water and extracted three times with ether. The combined ethereal layers were 
then washed with water,dilute hydrochloric acid, saturated sodium bicarbonate 
then saturated salt solution, dried over magnesium s.ilphate, filtered and 
evaporated to dryness. Chromatography of the residue on silica gel (lOOg) and 
elution with petrol-ether (40-60 0 ) gave 3_chloro-A-homocholest-2-efl-4-Ofle as 
a white crystalline solid (0.5g. 37%); m.p. 100-104 0 (lit.., 15 103-1040C); 
Vmax 1690, 688cm 1 ; n.m.r. (100MHz)r9.338 (C-18 methyl), 9.169 (C-26 and C-27 
methyls), 9.120 (C-20 methyl), 9.108 (C-19, C-26 and C-27 methyls), 9.067 
(C-20 methyl) 3.29 (in, W.3. = 6Hz, C-2 olefinic proton)... 
3.2..v 	A_Homocholestafl_4_OflelS  (13) 
3Chloro-A-homocholest-2-efl-4-ofle (0.15g) was dissolved in benzene 
(lOmi) and hydrogenated in the presence of 10% palladium/charcoal catalyst 
(0.05g) and sodium carbonate (0.2g) at room temperature and pressure for 24 
hours. After filtration, the solvent was evaporated off and the residue was 
recrystallised from methanol giving A-Homocholestan-4-one (0.1g, 66%); m.p. 
92..950 (lit., 15  96-980 );Vmax 1700cm; n.m.r. (100MHz)9.346 (C-18 methyl), 
9.201 (C-19 metIy), 9.171 (C-26 and C-27 methyls), 9.130 (C-20 methyl), 
9.106 (C-26 and C-27 methyls), 9.074 (C-20 methyl). 
B 	Preparation of 17p.methoxy-A-homoandrOstafl-4-Ofle 
3.2 .vi 	17-Methoxy androstan-3-one84 (166) Purdie methylation 
A mixture of 17.-hydroxy-androstan-3-one (6.6g) silver oxide (12.0g) 
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and methyl iodide (50m1) was stirred vigorously then heated under reflux 
for 18 hours with continued stirring. The mixture was then diluted with 
water and extracted with ether. The ethereal solution was dried over magnesium 
sulphate, filtered and evaporated to dryness which gave . a pale brown solid. 
Recrystallisation from petrol-ether (60-80 0 ) gave pure 17-methoxy-androstan-
3-one (2.4g, 36%); m.p. 108_110 0 ;V max 1718, 1120cm; n.m..r. (60 MNz)t9.23 
(C-18 methyl), 8.98 (C-19 methyl), 6.66 (C-17 methoxy). 
3 • 2 .vii 3,3-17 -Trimethoxy- androstàné 167) 
170_Metxy_androsean_3_ofle(3.5g) was dissolved in methanol and the 
solution was made up to I litre. A trace of concentrated hydrochloric acid 
was added, then, after. 30 minutes, sodium bicarbonate (lOg) which had been 
dried for one hour at 110°C was also added. After shaking, the solution was 
filtered and evaporated to dryness leaving a white solid cake of crude 3,3,17-
trimethoxy-androstane (3.6g, 90%);Vmx 1118, 1065cn1 1 ; n.m.r. (60MHz)t9.25 
(C-18 methyl), 9.20 (C-19 methyl), 6.86 (C-3a methoxy),. 6.82 (C-30 methoxy),. 
.6.66 (C-17P methoxy); mass spectrum, 
mt. I  m, 350, calculated for C22H3803 
350.282079 found. 350.281400, error less than 2p.p.m.. 
3.2.viii 3, 17-Dimethoxy-androst-2-efle (168) 
3,.3,17p-Trimethoxy-androstane (3.0g) was dissolved in xylene (lOOrni) 
and heated under nitrogen in a Carius tube for 4 hours at 220 0C. The xylene 
was then distilled off and the residue chromatographed on alumina (200g). 
Elution with benzene gave 3, 17-diniethoxy-androst-2-ene (1.7g, 63%); m.p.. 
68-720;Vm 1675, 1218, 1123cm; n.m.r. (60MHz)t9.25 (C-18 and C-19 
methyls), 6.66 (C-17P methoxy), 6053 (C-3 methoxy), 5.5 (In, W..= 5Hz,C-3 
olefinic proton); mass spectrum, M, 
m1  318, calculated for C21H3402 
318.255866 found 318.254709 error less than 4 p.p.m. 
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3.2 .ix 	2a3-DichloromethY1ene-3, 17-dimethoxy-afldrostane t169 
3,17-Dimethoxy-androst-2-efle (1.6g) was dissolved in cyclohexane 
(55m1) and dry potassium tertiary butylate (4g) was added at 0 °C. To this 
stirred mixture, chloroform (4g) was added dropwise. After complete addition, 
the mixture was stirred for 30 minutes at room temperature then diluted with 
water and extracted with ether. The ethereal solution was washed with water, 
dilute hydrochloric acid, saturated sodium bicarbonate and finally a 
saturated salt solution dried over magnesium sulphate, filtered and evaporated 
to dryness to leave a yellow solid. This was chromatographed on alumina (lOOg). 
Elution with benzene gave crystalline 2,3a-dichlormethy1en-3,17-diIflethOXY 
androstane (1.5g, 75%); m.p. 120-122 0 ;V m 1120, 1110, 685cm 1 ; n.m.r. (60MHz) 
t9.25 (C-18 methyl), 9.21 (C-19 methyl), 6.66 (C-17-methoxy), 6.55 (C-3 
methoxy); mass spectrum, M, m1 404, 402, 400, calculated for C22H3402  35C1 2 
400.187672, found 400.189674, error less than 5 p.p.m., calculated for 
C22H3402 35C1 37C1. 402.190622 found 402.189769 error less than 3p.p.m., 
calculated for C22H02 37CJ.2 404.187672 found 404.187889 error less than 
1 P.P.M. 
3.2.x 	3-Chloro_17_methoxy-A-Homoand-rOSt--2-efl-4-Ofle (170) 
2x, 3a-Dichioromethylene- 3 , 17 p_dimethoxy-androstaxle (1.5g) was 
dissolved in acetic acid (72m1) and water (lOml). Silver acetate (0.9g) was 
added and the reaction mixture heated under ref lux for 40 hours. The mixture 
turned deep red. After dilution with water, the steroid was extracted with 
ether, the ethereal solution was washed with water, dilute hydrochloric acid, 
saturated sodium bicarbonate and-' saturated salt solution, dried over magnesium 
sulphate, filtered and evaporated to dryness. The brown residue was 
chromatographed on alumina (lOOg). Elution with benzene gave a yellow 
crystalline solid. One recrystallisation from ethanol gave pale yellow 
needles of 3_chloro_170_methoxy-A-HolUoafldrOSt-2-eZl-4-Ofle (0.59g,45%). -; 
m.p. 65_700;Vm 1690, 1120c"r1. 
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3.2.xi. 	17PMethoxy_A_hOmOafldrOSt 40re (171) 
3-Chloro--17 _methoxy-A-hOIflOandrOSt- 2-en-4-one (0.5g) was 
dissolved in benzene (20m1) and hydrogenated for 24 hours at room temperature 
and pressure in the presence of 10% palladium/charcOal catalyst (75mg) and 
sodium carbonate (0.3g). The mixture was filtered and the benzene was 
evaporated leaving a colourless gum which on recrystallization from methanol 
gave 17 p_metho_A_hOmOadr0Stan4-0ne (0.3g 67%); m.p. 94-960;\)m 1702, 
1120cm; n.m.r. (100 NHz)'t9.25 (C-18 methyl), 9.20 (C-19 methyl), 6.66 
(C-17-methoXY.); mass spectrum, M, m1 318 (100%), m1 304 (25%), m1 286 
(12%), 	246 (30%); calculated for C21H3402 318.255866 found 318.255022 
error less than 3 p.p.m. 
C 	Preparation of 17_acetoxy7A_hOmOandrOStan-.4-0fle 
3.2.xii 3, 17p_DiacetoxY._arldrOSt-3-ene 
86 (68) 
Androstanolofle (lOg) was stirred in carbon tetrachloride (95m1) 
during the dropwise addition of 72% perchloric acid (0.2m1) in acetic 
anhydride (lOmi).. The mixture was then allowed to stir at room temperature 
for a further 1.5 hours. After this time the mixture was transferred to a 
separating funnel and washed with ice-cold 5% sodium hydroxide then with 
water. The organic layer was dried over magnesium sulphate, filtered and 
evaporated to dryness giving 3,17-diacetoxy. androst-2-ene as a white solid 
(10.9g,85%) giving:one spot on t.l.c. m.p. 164-169 0 (].it., 86 172-174);V max  
1750, 1730, 1250, 1223ci; n.m.r. (60?1Hz)9.21 (C-18 methyl), 9.17 (C-49 
methyl), 7.96 (C-17P acetoxy), 7.90 (C-3 acetoxy), 5.37 ('t', J=8Hz,C-17a 
proton), 4.74 (m,W4=4Hz, C-2 olefinic proton). 
3.2.xu..a. Phenyl (britodichloromethYl) mercury 27d 
To a dry litre flask equipped with a nitrogen inlet and Teflon 
stirring paddle was introduced phenyl mercuric chloride (50.0g). The 
material remaining in the weighing beaker was rinsed into the flask with 
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dry tetrahydrofuran (200m].) • To this was added brornodichioromethane 
(40.0g) followed by tetrahydrofuran (lOOmi) rinse. This mixture was 
stirred and maintained at -250C during the entire reaction time by external 
cooling. The contents of a bottle of commercial potassium tertiary 
butylate (25g) were quickly transferred under nitrogen to a dry 500m1 
flask containing dry tetrahydrofuran (150m1) and the mixture stirred under 
nitrogen until the base had completely dissolved.. To this solution was 
added tertiary butanol (16.5 g, distilled from sodium and stored under dry 
nitrogen) in tetrahydrofuran (50m1) over a 10 minute period by means of a 
pressure equalising dropping funnel. The resulting yellowish suspension 
was cooled to room temperature and transferred to a dropping funnel. This 
potassium tertiary butylate-tertiary butanol suspension was then added to 
the cooled phenyl mercuric chloride_haloform-tetrahYdrofuran solution over 
a 15-20 minute period. Upon completion of addition, the reaction mixture 
was stirred for 5 minutes at -25 0C then transferred to a 2 litre flask. The 
solvent was stripped off rapidly at reduced pressure using a rotary evaporator 
and a _780 trap. Final traces of solvent were removed by warming on a water 
bath below 250 .. Reagent grade benzene (800ml) was then added to the dry 
residue and the mixture was shaken. until the solid had partially dissolved. 
Subsequently, distilled water (lOOmi) was added and the mixture was shaken 
thoroughly. The benzene layer was then carefully decanted through a filter 
into a 2 litre flask, the aqueous layer being washed with more benzene (200m1). 
The benzene extract and washings were evaporated to dryness and the residue 
was quickly dissolved in hot hexane: chloroform (3:2). After a hot filtration, 
the hexane:chloroform solution was immediately chilled to 0°C. The product 
which crystallised out was filtered off and stored at -15 0. The mother 
liquors were evaporated to dryness and the residue was recrystallised from 
hexane-chloroform (3:1) which gave a second crop of colourless needles of 
phenyl (bromodichlormethyl) mercury which was added to the first crop 
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(26g,37%) n.p. 108-110°C (dec) (lit. 27d 110-111 0 dec). 
3.2.xiv 3, 17-Diacetoxy-2a, 3a_dichloromethylefle"'€fldrOStafle (172) 
30,17p_DiacetoXy'afldrOSt-2-ene (2.5g) was dissolved in dry 
benzene (50m1) and phenyl (bromodichioromethyl) mercury (lOg) added and 
the mixture was heated under reflux. The n.m..r. spectrum of an aliquot 
of the reaction mixture after 4 hours showed the carbene addition to:.have 
gone 64% to completion shown by the partial disappearance of the C-2 
olefinic proton multiplet at C4.74. Complete reaction occurred after 12 
hours when the micture was filtered to remove phenyl mercuric bromide 
formed in the reaction, and the solution was evaporated to dryness. The 
residual brown glint was taken up in a little dry chloroform, filtered and 
again, evaporated to dryness. One crystallisation from methanol. then 
yielded pure 3, 17, diacetoxy_2_3a_dichlormethYlefleafldr05tane (1.8g,59%), 
m.p. 171-1790  t. l.c. showed the product as one red spot having the same 
polarity as starting material (yellow spot) ;Vmax 2960, 1740, 1250, 1225, 
685cm; rx.m.r. (60MHz)'t 9.22 (C-18 methyl), 9.18 (C-19 methyl), 7.98 
IC-17P acetoxy), 7.93 (C-3P acetoxy), 5.42 (tt':. J-SHz C-17a proton).- 
3 • 2 • xv 	3-Chioro- 17 -hydroxy- A-homoandrost-2-en-4-ofle (173) 
3, 17-Diacetoxy-2a, 3a_dichlorinethylene-afldrOstane (200mg) was 
dissolved in pyridine (Sml) and potassium hydroxide (25mg) in ethanol (lOml) 
was added and the solution was btirred for 18 hours at room temperature. 
The mixture turned orange almost immediately. Ether was then added and the 
mixture was washed with dilute hydrochloric acid which removed the colour. 
The organic layer was then dried over magnesium sulphate, filtered and 
evaporated to dryness which left a pale yellow oil (123mg) t.l.. of which 
showed one main spot less polar than starting material, and a minor spot 
which corresponded to starting material;'Vmax 1730, 1650, 1178, 903, 728cn11; 
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n.m.r. (60MHz)t9.24 (C-18 methyl), 8.96 (C-19 methyl), 4.30 (m,Wj. = 
8Hz,C-2 olefinic proton). 
3.2.xvi 17 0_AcetoxyA_hOmOandrOStan-4-0ne (28) 
The crude 3_chloro17_hydrOXY_A_hOm0andr0st_2_0l 0r1e (100mg) 
was dissolved in benzene and hydrogenated at room temperature and pressure 
overnight in the presence of 10% palladium/charcoal (50mg) catalyst and 
sodium carbonate (400mg). The solution was then filtered and evaporated 
to dryness, the residual gum was taken up in acetic acid (5m1) and pyridine 
(2m1) in acetic anhydride (2m1) was added. After standing -, overnight, water 
was added and the steroid was extracted into ether, the organic layer 
washed with water followed by 5% sodium bicarbonate solution, dried over 
magnesium sulphate, filtered and evaporated to dryness. One crystallisation 
from n-hexane gave 17_acetoxyA_hOmOandrOStan-40ne as a white solid (71mg, 
78%); m.p. 148_1500;Vm 1730, 1255cm; mass spectrum, m1 346 (I4 67%), 
290 (100%), m1272 (40%), 231 (65%).. 
D 	Preparation of 3, 2O_dihydroxy_C_homopregn_12 a-one, 
3.2.xvii Attempted Enol acetylation of hecogenin acetate 
a. With perchioric acid catalyst 
Hecogenin acetate (5g) was dissolved in carbon tetrachloride 
(50m1) and acetic anhydride (5m1) and perch.loric acid (0.2ml) added with 
stirring at room temperature. After 1.5 hours, water was added, the 
precipitate was-.-filtered off and dried in vacua leaving a white solid 
(4.7g). T.L.C. showed two spots, one of which corresponded to starting 
material, the second to a slightly more polar compound,V max 1730, 1703, 
1245cm 1 ; n.m.r. (60MHZ)V9.05 (C-18 methyl), 8.95 (C19 methyl), 8.02 
(C-30 acetoxy), hecogenin acetate; andVmex 1730, 1365, 1245cc 1 ; n.m.r. 
(60MHz)'9.05, 7.85 (C-23 acetyl), 23- acetyl-hecogeflin acetate. 
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b.With toluene-4-sulphonic acid catalyst 
Hecogenin acetate (5g) was dissolved in warm acetic anhydride 
(285m1) and toluene-4-sulphOfliC acid (5g) added. The acetic ahydride was 
then slowly distilled off through a short Vigreux column until about one 
third of the original volume remained. The rest of the acetic anhydride 
was then removed in vacuo and the residue was taken up in ether. The 
ether solution was washed with ice-cold 5% sodium hydroxide then water, 
before being dried over magnesium sulphate, filtered and evaporated to 
dryness leaving a pale yellow solid (4.7g) which showed no reduction of 
intensity of the. carbonyl peak due to the C-12 ketone in the infra-red 
spectrum. The solid was then treated with 10% ethariolic potassium hydroxide 
for 30 minutes under reflux. The ethanol was then stripped off and water-
was added. The precipitated steroid was filtered off and dried in vacuo. 
as a white solid (4.1g),Vmax 3580, 1703, 1360, 1010, 955, 935, 900cm 1 ; 
23- acetyl-hecogeflin. 
3.2.xviii P -Hecogenin87 
Hecogenin acetate (lOg) was dissolved in a-octanoic acid (200m1) 
and acetic anhydride (5ml) was added. The low boiling solvents were 
distilled off until the temperature reached 240 0C, the boiling point of 
n-octanoic acid. The reaction mixture was then heated under reflux for 
2 hours. Ether (500m1) was added to the cooled solution and the mixture 
washed in 2N sodium hydroxide and water. The ethereal solution was then 
dried over magnesium sulphate, 'filtered and evaporated to dryness to 
leave a dark red gum, This residue was heated under ref lux for 30 minutes 
in 5% methanolic potassium hydroxide then addition of hot water precipitated 
a white solid which was filtered off and washed with water containing a 
trace of pyridine to give pure 1/i -hecogenin (8.2g, 90%); m.p. 185-189 ° 
(lit., 87 , 190-1910 );Vmax 3450, 1702, 1388cm; n.m.r. (100 MHz)t 9.12 
(C-lB methyl), 8.80 (C-19 methyl); mass spectrum, M, m, 430 (71%). 
3.2.xix Enol acetylation of'-hecogenin 
a.with perchloric acid catalyst 
-' -Hecogenin (5g) was reacted by the procedure described in 
3.2.xviii.a. The product was a yellow gum (4.3g),V max  3450, 1735, 1702, 
1388, 1240cm; t.1.c. showed one spot, 30,26_diacetoXy4'.hecogeflifl. 
b.with toluene-4-sulphonic acid catalyst 
-Hecogenin (2g) was reacted by the procedure described in 
3.2.xviiib. The product was a yellow gum (1.2g). The infra-red spectrum 
and t.]..c. again indicated that the sole product was 3p_26_diacetoxyJ -hecogenin. 
3.2.xx 	3-26-Diacetoxy-'#1 -hecOqefl1n 
87 (176) 
q)-.ecogenin (5g) was dissolved in glacial acetic acid (50ml) and 
acetic anhydride (15m1). The solution was cooled to 18 0C and perchioric 
acid (0.8m1) in acetic acid was added, the temperature being maintained 
below 35 0C. After 30 minutes at room temperature, ice and water were added 
and the resulting precipitate extracted into ether. The ether extracts 
were washed with 5% sodium hydroxide solution and water, dried over 
magnesium sulphate, filtered and evaporated to dryness to give the crude 
solid product which afterorm crystallization from ethanol afforded pure 
30_26_diacetoxy.qJ_hecogenin (5.24g,87%); m.p. 91-940 (lit., 87 92.5 - 940 ); 
\'max 3450, 1730, 1702, 1240cm; n.m.r. (100 MHz)t9.11 (C-lB methyl), 8.79 
(C-19 methyl), 8.01 (C-30 and C-27 acetoxy groups). 
3 • 2 • xxi 3-Acetoxy-16 p_yacetoxymethylvaleroYloXY-5a-Pre9flane-12, 20-dione87 
(177) 
3P_26Diacetoxy.fr-hecogenifl (8.5g) was dissolved in glacial 
acetic acid (60m1) and 1.39N chromium trioxide in 90% acetic acid (62m1; 
30% excess)was added slowly, the temperature was maintained below 30 0  for 
3 hours. Excess oxidant was destroyed by the addition of methanol, the 
steroid precipitated by the addition of water and extracted with ether. The 
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combined ether extracts were washed with 5% sodium bicarbonate solution, 
dried over magnesium sulphate, filtered and evaporated to dryness to 
leave a pale green glass. Attempted crystallisation from ethanol left 
3-acetoxy- 16 -y-acetoxymethy ivaleroyloxy- 5ct-pregnane-42, 20-dione still 
as a glass (7.8g, 87%),\)max 2960, 1730, 1705, 1245, 1040cm; n.m.r. 
(1O0M}{z)9.08 (C-methyl), 9.06 (C-26 methyl), 8.63 (C-19 methyl), .  
8.00 (C-3 acetoxy), 7.96 (C-27 acetoj), 7.83 (C-21 methyl); mass spectrum, 
M*, m1 546 (21%). 
3.2.xxii 3-Acetoxy-5a-preqfl-16-efle-12, 20-diorie (178) 
3 -Acetoxy-16 p-y-acetoxymethy lvaleroyloxy- 5a-pregnane- 12,20- 
dione (5g) was dissolved in benzene (50m1) arid. .petr 	(40-600 , 150m1). 
Spence grade 'H' alumina (50g) was added and the slurry was stirred at room 
temperature for 2 hours. The alumina was then filtered off and washed With 
1:1 ether:methylene chloride (500ml).. Evaporation of the combined filtrate 
and eluate and recrystallisation of the residue from ether gave 3-acetoxy-
5a-pregn-16-ene-12,20-diofle (3.1g, 91%) as a white solid, m.p. 179-180 0 
(lit.., 87  178-1800 );Vm 	2950, 1730, 1715, 1678, 1242, 1040cm, 
(100 MHz)t'9.05 (C-methyl), 8.69 (C-19 methyl), 8.00 (C-3p acetoxy), 7.70 
(C-21 methyl), 3.42 (in, Wj. = 2Hz,C-16 olefinic proton). 
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3. 2.ociii Enol acetylation of 3-acetoxy-5a-pregn-16-ene-12, 20-dione 
3-Acetoxy-5a-preg-16-ene-12,201-.diOfle (250mg) was dissolved 
in acetic anhydridç. (15m1) and toluene-4-sulphoriic acid (250mg) added. 
The acetic anhydride was slowly distilled through a short Vigreux column 
till about one third of the original volume remained. The SO1UtiQU 
darkened considerably and after distillation was complete, the residue 
was taken up in ether azid., the ethereai solution washed.. with, ice-cold. 
potassium hydroxide solution then with water, dried over magnesium sulphate, 
filtered and evaporated to dryness to leave a dark red glass (298 mg), t.l.c. 
9 
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of which showed two spots, one:. corresponding to starting material and 
a second of lower polarity;Vmax 1730, 1710, 1680, l245cm 1 ; n.m.r. 
(100 MHz)'9.05 (C-18 methyl), 8.69 (C-19 meth), 8.00 (C-3 acetoy), 
7.70 (C-21 methyl), 3_acetoxy5a-Pregfl--16-efl12, 20-dione ;Vm 1730, 
1710, 1663, 1245, 1210cm 1 ; n.m.r. (100 MHZ)'t9.05 (C-18 methyl), 8.74 
(C-19 methyl), 8.00 (C-30 acetoxy and C-16 acetoxy), 7.93 (C-20 enol acetate), 
3, 16, 20_triacetoxy-5-Pre n-17-en-i 2-one._. (Ca 50%) 
3 • 2 .xxiv 30_Acetoxy_5c_pregflane-12, 20-dione (179) 
30_Acetoxy_5apregfl-16-exe-42 , 20-dione ( 3g) was dissolved in 
ethyl acetate (50m].) and hydrogenated for 2 hours at room temperature 
and pressure in the presence of 10% palladium/charcoal catalyst (250mg). 
After filtration, the solution was evaporated to dryness and the residue 
was crystallised from ethyl acetate giving pure 3_acetox-5ct-pregflafle12, 
20-dione (3.0g, 100%); m.p. 186-187 0 (lit., 87 188-1.90°);\.lmax 2910, -1738, 
1710, 1250, 1030cm 1 ; n.m.r. (60 MHz)t9.07 (C-18 methyl), 9.05 (C- -
19 methyl), 
7.98 (C-3-2cetocy), 7.75 (C-21 methyl).. 
3.2.xxv Enol acetylation of 3_acetoXy_pregflane12,20.di0fle 
a.With perchloric acid catalyst 
3P Acetoxy pregnane-12, 20-dione (250mg) was reacted as above 
3.2.xviiia. The t.l.c, infra-red and n.m.r. spectra of the product 
(223mg), a brown glass, were identical to those of the starting material. 
b . with toluene-4-sulphoriiC acid catalyst 
30_Acetoxy_pregI1afle12,20-dJ.0fle (250mg) was reacted as above 
3.2.xviiib. The t.l.c. of the product, a red solid (253mg) showed one 
main spot and one minor spot of higherpolaritY, n.m.r. (60NHz)t 7.98 
(C-3P acetoxy), 7.90 (C-20 enol acetate), C-17 proton triplet now gone; 
mass spectrum, rn,1 416 (M 10%), rn,. 374 (100%), 30,20_diacetoxypregn- 
17-ên-12-one. 
8.3 
3.2.,ocvi 30_Acetoxy_12_ethyleflediOxy_Pregn&1_20_One (180) 
• 	3-Acetoxy-pregnafle-12-20-diOfle (3g) in absolute methylene 
chloride (15m1) was stored at room temperature for 72 hours with ethylene 
glycol (25m1) and boron trifluoride etherate (5.5m1). Large quantities 
of water and methylene chloride were then added and the steroid was taken 
up in the organic layer which was washed with sodium bicarbonate and water, 
dried over magnesium sulphate and evaporated to dryness. Recrystallisatiort 
of the residue from ether. gave 3_acetoxy_12_ethyleflediOXy_pregfl20_One 
(2.759, 81%); m.p. 154-1560 (lit., 94 158-1600 );Vmax 2910, 1718, 1700, 1260, 
103ocm 1 ; n.m.r. (60MHz)t9.16 (C-18 and C-19 rnethyls), 7.98 (C-3p acetoy), 
7.86 (C-21. methyl), 6.08, 5.98 (4 protons of ketal); mass spectrum, M+ 
418 (100%). 
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3. 2.xxvii 3, 2o_Dihydroxy_12_ethylefledJOXYPregflane (181) 
3 p_Acetoxy_12_ethylenedioxy_pregnan_2O_One (3g) and sodium 
hydroxide (1.5g) were dissolved in methanol (300m].) and sodium borohydx.d.e 
(0.6g) in 50% aqueous methanol (60m1) was added.. The reaction mixture was 
stored at room temperature for 60 hours then diluted with water and 
extracted with ether. The ether layer was washed with 5% sodium bicarbonate 
and water, dried over magnesium sulphate, filtered and evaporated to dryness. 
Recrystallisation from methanol:ether (1:1) gave 3, 20-dihydroxy-12-ethY1ene-
dioy-pregnane (2.9g, 97%); m..p. 196-201!. (lit., 95 
 19812000 );Vmax 3485, 2900, 
1050cm; mass spectrum, M*, m, 378 (100%).. 
3.2.xxviii 3, 20p_Dihydroxypreqn_12_0fle 99 (152) 
3, 20p_Dihydroxy_12_ethyleflediOXy_Pregnane (2.0g) was dissolved 
in 90% acetic acid and was heated on a steam bath for one hour. The mixture 
was then poured into water and the steroid was extracted into ether • The 
combined ether extracts were washed with 10% sodium bicarbonate and water, 
dried over magnesium sulphate, filtered and evaporated to dryness. 
Crystallisation from methylene chloride-acetone gave 3, 20-dihydroxy 
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pregn-12-one (1.4g., 77%); m.p. 231-2330 (lit., 99 231-233 0 );Vm 	3450, 
2890, 1698cm 1 ; n.m.r. (60MHZ)V9.13 (C-18 methyl), 8.92 (C-19 and C-21 
methyls); mass spectrum, M, T''e 	
(17%), m, e 319 (22%), 290 (71%), 275 
(21%), 249 (100%). 
3.2.xcix 3, 12, 2OTriacetoxy-pregfl-11-efle (186) 
3,20-Dihydroxy-pregn-12-ofle (o.2g) was dissolved in acetic 
anhydrid.e (20m].) and toluene.-4- suiphonic acid (0.2g) was added. The 
acetic anhydride was slowly distilled off over a period of approximately 
1 hour through a short unpacked column until only 2-3m1 remained. The 
residue was taken up in ether and the extract washed with 10% sodium 
bicarbonate and water, dried over magnesium silphate; filtered and 
evaporated to dryness to leave a red glass (0.25g);')uax 1715, 1255cm; 
n.m.r.- (60NHz)9.08 (C-18 methyl), 8.98 (C-19 methyl), 8.80 (C-21 xnethy), 
8.02 (C-200 aceto), 7..98 (C-30 aceto), 3,20_diaCetO pre1-1 2.o(l 
87); 
7.90 (C-12 enol acetate), 4.78 (m,W4. = 3Hz,C-11 olefiriic proton), 
3p,1.2,2o_triacetoxy_pregp_11_ene (186); mass spectrum, M, 	418 (39%), 
3,20-diacetoxy pregn-12-one (187); N, 	460 (8%), 3,12,20- 
triacetoxy-pregn-11- ene (186). 
3.2.xxx Attempted enol aetylation of 3, 20-dihydroxypregn-12-° 
with perchloric acid catalyst 
3, 20pDihydroxy-pregn-12-one (110mg) was reacted, as described 
above 3.2.xviiia except the reaction time was 2 hours. The t.l.c., infra-
red and n.m.r., spectra of the product, a brown glass, were consistent 
with those for 3p,20-diacetoxy-pregn-12-Ofle, showing no trace of the 
enol acetate. 
3.2.ccd. 11, 12-Dichlorornethylene-3, 12, 20ptriacetoxy_pregflarle (188) 
The crude 3,12,20p-triacetoxypregn-11-efle (250mg) was 
dissolved in dry benzene and phenyl (bromodichioromethyl) mercury (Ig) 
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added and the reaction mixture was heated under ref lux for 48 hours 
then stirred at room temperature for 4 days. The phenyl mercuric 
bromide formed in the reaction was filtered off and the solution was 
evaporated to dryness. The brown solid residue was then taken up in 
dry chloroform and filtered to remove final traces of the phenyl mercuric 
bromide.. Evaporation to dryness gave a brown solid (176mg)Vmax 1730, 
1715, 1240, 1215, 720cni; n.m.r. (60MHz)9.10 (C-18 methyl), 9.00 
(0-19 methyl), 8.40 (C-21 methyl), 8.03 (C-20 .p acetoxy), 8.00 (C-33 acetoxy),. 
7.96 (C-12P acetoxy).. The olefinic proton doublet. (t4.78) foun& in. the, 
original enol acetate was no longer:present.' 
3.2.xxxii 12-chloro-30, 20p_dihydroxyC_hOmOPre1-41-en-1 2a-one(1 89) 
ha, 12-DichloromethY1efle-3 , 12 , 20 -triacetoxy- pregnane (130mg) 
was dissolved in pyridine (5m1) and potassium hydroxide (60mg) in ethanol. 
(lOmi) was added.. The mixture was then stirred at room temperature for 
72 hours. Ether was then added and the solution was washed with dilute 
hydrochloric acid then water, dried over magnesium sulphate, filtered 
and evaporated to dryness to leave a brown solid (64mg, 74%). The t. l.c 
showed one main spot with two minor spots and aie trace impurity; ))max 3600, 
3450, 2920, 1695cm; 12-chloro-3, 20_dihydroxy_C_homo2regn_11_en_128L ,_Ofle 
\) 	1710 (shoulder)cm-1 , 3,20-dihydro3y-pregn-12-ofle; n.m.r. (60MHz) 
max 
Z9.12 . (C-18 methyl), 8.95 (C-19 methyl), 5.34 (ni,W4 = 6Hz,C-11 olefiriic 
proton). 
3.2.xxxiii 3, 20_Dihydroxy-C-hOmOpregfl-1 2a-one(190) 
12-Chloro- 3 I, 20 -dihydroxy-C-homopregn- h1-en-12a-one (52mg) was 
dissolved in benzene (10m1) and was hydrogenated at room temperature and 
pressure overnight in the presence of 10% palladium/charcoal catalyst 
(30mg). The catalyst was filtered off and the solution was evaporated to 
dryness. The t.l.c. of the product, a red gum (38 mg) showed only one 
I 
diffuse spot. Crystallisation from acetone gave a white solid product 
(18 mg) of 3,20-dihyroxY pre gn-12-one; mass spectrum, M, m, e 334 
'(13%). The mother liquors were evaporated to dryness (29 mg)V max 3600, 
3450, 2920, 1700, 1695cm 1 ; n.m.r. (60MHz)'t9.10 (C-18 methyl), 8.92 
(C-21 methyl), 8.90 (C-19 methyl); mass spectrum, m, 348 (M, 13%), 
333 (27%), 3,20p_dihydroxy_c_homOpregfl_12a_0ne, calculated for 
C22H3603 348.266430 found 348.265370 on error of less than 3 p.p.m.; 
Vmax 1710cm 1 ; mass spectrum, m/e 334 (M, 27%), 319 (17%), 3,17- 
dihydroxy pregn-12-one; mass spectrum, m, 346 (M 21%), 3, 20-dihydroxy-
C_homoprgn_11_efl-12a-one, calculated for C22H3403 346.250781, found 
346.250648, an error of less than 1 p.p.m. (191) These three components 
were present. in approximately 6:3:1 relative abundance estimated from the 
spectra. 
E. 	Attempted preparations of other suitable substrates for carbene 
addition leading to ring-C expansion 
3.2.xxxiV 	_BromoheCOgenin acetate -103,104 (196) 
Hecogenifl (lOg) was dissolved in absolute ethanol (325 ml) and 
8N hydrochloric acid in ethanol (8 ml) was added. Bromine (1.5 ml) was 
then added during 4.5 hours in a stream of dry nitrogen. After complete 
addition, the mixture was. stirred for 1. hour at room temperature then the 
product was precipitated by pou.ring into water, filtered off and dried 
vacuo. Two c.rystallisatioflS from methanol gave lip_bromoheCogellifl (5.39 
46%) mop. 150-154 (lit 103 , 154-6);Vmax 1730, 1706, 1238cxn; n.m.r... 
(60 MHz)Z'9.08 (C-18 methyl), 8.95 (C-19 methyl), 7.97 (C-3P acetoxi). 
9(11) 	104 3.2.xxxv 	Hecoger11fl 	(197) 
1i. _BromohecOgenifl acetate (1..4g) was added to a stirred 
mixture of calcium carbonate (700 mg) in dimethylacetaiflide (50m1), under 
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ref lux. After 80 minutes theAnixture was cooled and the product 
precipitated bypOurillg into dilute hydrochloric acid. The solid was 
filtered off and dried in vacuo. Crystallisation from acetone gave 
9(11)_hecogenin (61mg, 56%) m.p. 170-1760 (lit., 104174-178°); n.xu.r. 
(60MHZ)t9.10 (C-18 methyl), 8.95.(C-19 methyl), 4.27 (S,W. = 2 Hz,C-11 
olefinic proton); mass spectrum, M; mje 428 (6%). 
3.2.xxxvi Reaction of9(11).'hecogeflifl acetate with phenyl (bromo 
dichioromethyl) mercury 
A9 ( 11 ).Hecog.riin 
(53 tug) was dissolved in dry benzene (4 ml) 
and phenyl (bromodichlorOrflethYl) mercury (154mg) added and the mixture 
was heated under reflux.. A precipitate formed due to decomposition of 
the phenylmercuric halide and after 8 hours the reaction was cooled to 
room temperature, filtered, and water added to precipitate the steroid 
which was extracted into ether.. The ethereal solution was dried over 
magnesium sulphate, filtered and evaporated to dryness leaving a pale 
yellow solid (52 mg) the t..l.c., infra-red and n.m.r. spectra of which 
showed it to unreaCte4,A9(1l)_heCogeflifl. 
3.2.xxxvii Reaction of 12-ketones with methanol (Scheme 59 
Hecogenin, )-hecogenin, 3p-hydroxy-pregfl-16--en-1.2, 20-dione, 
3-hydroxy-pregfla-12, 20-dione and 3, 20p_dihydroxy_pregfl_12-Ofle, were 
all, reacted with methanol and concentrated hydrochloric acid as 
described above 3.2.i. The t.l.c's,infra-red and n.m.r* spectra of the 
products from all five reactions were consistent with those of starting 
material only showing no evidence for the corresponding dimethoxy derivatives.. 
3.2.x,ccviii Hecogenin acetate tosyl hydrazone (107) 
Hecogenin acetate (2.0g) in. chloroform. (15m1) was added to 
toluene-4-sulphorthYd.raZide (1.0g) in a mixture of ethanol (20ml) and 
concentrated hydrochloric acid (0 • 5m1) • On standing overnight, a heavy 
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precipitate formed which was filtered off, washed with methanel and 
dried in vacuo giving hecogenin acetate tosyl hydrazone (2.48g, 91%) 
m.p. 278-280 (decomp) (lit., 107 278_280 ); 1 m 	3150, 2920, 1715, 1340, 
1245, 1160, 910, 825cm 1 ; n.m.r. (60MHz)9.17 (C-18 methyl), 9.13 
(C-19 methyl), 8.98 (C-30 acetç), 7.56 (tosyl hydrazone methyl), 2.10, 
2.23, 2.64, 2.78 (d,d,8Hz,8Hz 4 aromatic protons). 
3.2.xxxix Reaction -,of 11.-bromo-hecogenin acetate with toluene-.4-
suiphonhydrazide 
11.-Brano-hecogeflifl acetate (2.2g) was reacted with toluene -4-
sulphonhydrazide (1.2g) as described above 3.2.xxxviii, no precipitate 
formed and the t.l.c, infra-red and n.m.r. spectra of the product, 
precipitated by addition of water, were identical to those of 11 -bromo 
hecogenin acetate starting material. 
3.2.,cccx. Reaction of hecogen.in with pyrrolidine '108 
Hecogenin (4.75g) was dissolved in dry benzene and pyrrolidine 
(lOmi) in dry benzene (lOml) added to the stirred solution at 0-10 0C 
under nitrogen. Titanium tetrachlOride(0.3g) in dry benzene (lOmi) was 
then added dropwise over a 40 minute period. The mixture was finally 
stirred at room temperature for 3 hours after which time the mixture was 
filtered and the solvent removed in vacua to leave an off-white solid 
(4.52g), the infra-red and n.m.r. spectra of which showed no ensmir'ef9rmatiofl 
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4 . 1 	Some other R ements leading toRing- andedteroids 
• Elks et a10, 	in 1954, in attemping the re-arrangement of the 
12-toluene-4-SUlphOflhYdraZOfle of hecogenin acetate with caustic alkali in 
diethylene glycol at 130-1400C, found three products. Scheme 62 • The 
required 3 p acetoxy-5a:22a-sPirOSt-ii-efle (204) for conversion to 11-
oxotigogenin and so by a known route to cortisone, was formed in yields of 
Up to 25% The two other products (205)and (206.) resulted from Wagner-
Meerwein re-arrangement 112 and were formed in 50-55% and up to 5% yields 










It is known that Wagner-Meerweifl rearrangements occur most 
readily or in some cases only when the four reacting centres lie in a 
plane. The I 2-mesylate rearranges in similar fashion 113 giving conarable 
yields of all three products. In this case the C12-0 bond is 3-orientated-
and the conditions of coplanarity are satisfied by the chains 0-C1 2-Cl 3-Cl l 
and 0-C1 2-Gil -09. In the I 2L-epimer however, there are no similar sets of 
centres and conseauently shows no rearrangement. Analogous 
compounds in the bile acid series are known to undergo simple eliminations 
under more vigorous conditions with formation of an 11:12 double-bond, the 
complanar atoms in this instance being 0-C1 2-Cl 1-11 E 114  
In the decomposition of the I 2_toluene-.su.lphOflhYdraZ0fle, a 
double-bond rearrangement under thethflUexlCe of base was proposed 
Scheme 63 ., and that it is the azo-form (207), which may well only exist 
transitorily, that undergoes decomposition and rearrangement through the 
conventional carbonium ion intermediate 	116. In such a double-bond 
rearrangement, the newly formed single-bond between 0-12 and N will be 










predominantly in the more stable equatorial and p-configuration and 
the geometrical factors will be similar to those, for the mesylate. 
Formation of some A1 -olef in during the decomposition suggests that a 
CH 
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proportion of the azo- intermediate was the C12-M bond in the a-configura-
tion, suitably disposed for involvement of the JAP hydrogen atom. Because 
of the co-planarity of the p-bond at C-12 with both C-13 and C-14 and with 
atoms C-li and C-9, various compounds might have arisen. 012-013-Cl ) 1-
could have given three C-nor, D-.homo products. (205), (206) and (208). 
C12-Cll-C9 	could have given only an exocyclic methylene adduct (209). 
The second mode would go through a primary carbonitmi ion which is less 
stable than tertiary and in fact no trace of this compound could be found. 
C20 81 	C20 91 
A variation of this reaction, rearranging the 1 -tosyl 
hydrazones of ring-D expanded steroids leading to the C-homo. derivativeS 
appeared a possibility. 
The D-homo steroids prepared were of two types. D-Homo--
ancirostenolone was prepared by the Tiffeneau-DemjaflOv rearrangement route 
49,50,52,117,118 starting from androstenolone. Scheme 64 • The 17a'-keto 
epimer was separated from its 17-keto epimer (212) by column chromatography, 
the 178.-keto  epimer being formed in 6:1 ratio with the 17-keto epirner in 
line with previous results. 
The second D.-homosteroid, 3 .17a-dihydroxy-17P-methy 1 
D_homoandrost-5-en--17a-one(214) was prepared by a pinacol-pinacolone, 
Scheme 66 ,rearrangement of the 17a-hydroxy-pregnenalbne (213) Scheme 65, 
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scheme 64 
by reaction with boron-trifluoride etherate 119  
The 17tosy1hydazofleS of both androstenolone and- D-homo-
androstenol-17a-ofle (211) were prepared by reflu-xing the steroid with 
Scheme 65 	 - 
toluene _4_sulphonhydrazide in ethanol in the presence of catalytic 
amounts of concentrated hydrochloric acid. The corresponding 17-tosyihydra-
zone of 3 - 17-dihydroxy- 17 -methylandro st-S-en- 17a -one did not form 
however, even with prolonged refluxing, due to the hindance:by the two 
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Rearrangement of the tosylhydraZ.one of androste1OlOfle (215) 
with base in digol at 1800C gave a major product whose mass spectrum 
showed a molecular ion at 	272  (100/%). Thin-layer chromatography showed 
three minor products. Although the conditions for Wagner-Meerwein rearrangement 
were satisfied, the four coplanar centres being N-C17-C13-Cl4-, the 
final product would have a four membered ring-D adjacent to a seven 
membered ring-C with a double bond at the junction of these two rings (216). 
This highly strained, species was very unhikley, this being confirmed by 
the n.m.r. spectrum which showed one angular methyl signal att8.96 due to 
the C-19 methyl and a doublet atV9.02 andt9.08 which indicated that 
migration of the C-18 methyl to the C-17 position had occurred with the 








This C-18 methyl migration has been shown in treatment of 
exocyclic epoxides (218) of ring-D with strong acid 67 and in D-homo 
steroid formation by treatment of a 20-tosylate (219) with florisil which 








Similar treatment of the tosy1hythzone of D--homoandrosten-
ol..1k-one (221) gave a mixture inseparable by chromatography and by 
attempted crystallisation of at least three different components, the 
mass spectrum of which showed a molecular ion at 
m/  286 (30%) corresponding 
to either the C-.homo rearrangement product (222) or the derivative from 
C-18 methyl migration (223). Scheme 69 . The n.m.r. spectrum was 
complicated by the presence of several different products and so could 
Scheme 69 
give little insight into their nature, peaks appearing att8.99 due to the 
C-19 methyl andt9.24,9e16,t78.45,8.36 andt8.21, one of the three 
signals at lower field possibly being due to the C-12a methyl adjacent to 
the double bond (222). 
Attention was turned to the Th .exocyclic epoxides of D-homo 
steroids and their possible rearrangement products. Coxon et A. 
70 
isolated the 12a,12Lepoxide of heeogeriin (158) by column chromatography 
on alumina of the epoxide mixture formed by reaction of monope.rphthalic acid 
>1 
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on 	 (157). The configuration was assigned from 
following the course of the dehydration of the tertiary alcohols obtained 
by reducing the epoxide with lithium aluminium hydride and reacetylating 
to give the 3-acetoxy product but not the 12-acetoxy. Dehydration of 
the 12a.hydroxy_12-methYl epimer (158) with thionyl chloride-pyridine 
gave the "-olefin (227) in 80% yield resulting from the favourable 
trans-diaxial elimination of a water moiety. The 120_hydroxy-12m--methYl 
epimer (159) underwent the expected smooth elimination to give the '12-methylene. 
tigogenin acetate (224) in high yield. Scheme 70 
As with the corresponding tosyihydrazofles, these e . oxides were 
1.3(1.7a) 
found to rearrange giving a C-nor-D-hOItto 	 olefin (208). The 
rearrangement takes place on treatment with either boron-triflUoride 
etherate or p-toluene sulphnnic acid. The rearrangement was envisaged 
as proceeding through cleavage of the -C12-O'.' bond and migration of the 
electron pair of the C13 '-01 4, - bond forming a carbonium ion intermediate 
fragmentation of which led to the 13 ( 1 	olefin (208),with loss 
of formaldehyde. Scheme 71 
While the electron shifts involved in the transformation of the 
12,12'-epoxide (159) into the intermediate (228) and the 12p_aldehyde 
which is also formed in the reaction with boron-trifluoride, could 
be concerted with the cleavage of the 012-0 bond, the formation of both 
the 12-aldehyde (229) and the &13(17a) olefin (208) in modest proportions 
from the 12a,12'-epoxide (158) requires the intermediacy of a discrete C-12 - 
carbonium ion, since the stereochemical requirements for a synchronous 
rearrangement are not filled in this case. The product of concerted hydride 
migration in the 12a,12'-epoxide would be the 12-aldehyde (230), the less 
stable epimer. It is therefore concluded that the reaction pathway involving 
a carbonium ion intermediate can compete effectively with the concerted 
H c? 
-2C 




-. 	 --Scheme 71 
rearrangement when the latter leads to the less stable epimer. 
j-1 CHO 	H CHO 
[229] 	[2 3 01 
Perchioric acid rearrangement of the -epoxide gave no hydroxyl, 
ketone or aldehyde functions or unsaturatiori in the minor products but in 
fact a cyclic ether (231) n.m.r. evidence leading to this structure. The 
-epoxide gave both the cyclic ether and 12-aldehyde (229). The product 
97 
ratios observed for these epoxy systems implied that the free energy 






than for concerted hydride migration leading to aldehydes. The results 










Benzene 20% 35% 32% BF3 




3F3 Benzene 33% 45% 
-.epoxide ether 36% -__50%  
perchioric 
acid 
- 	 Table 9 
The epoxides of both D_hornoandrostenol-17a-Ofle (233) and 
the 3 3, 17a-dihydroxy- 17 _methy1-D--homoafldrOStef101- 17a-orie (232) were 
prepared in good yields by reaction of the parent ketones with trimethyl 
suiphoxonium iodide. Thin layer chromatography showed two minor factions 
which were removed by recrystallisation from methanol. The 17a,17a' 
configuration, Scheme 72, was assigned to the epoxides from experience 
of product ratios of similar reactions. 118 Only one signal appears in 
the n.m.re spectrum for each angular methyl of the recrystallised epoxide 
whereas the position of the C-18 methyl signal varies with the two 
different oxiran configurations at C-li in androstenolone which would be 
expected for the D-homo species if both epimers were in fact present. 
Because of this configuration, any rearrangement by a concerted process must 
be ruled out since 	0-C17a-C13-01.14 must be coplanar in accord with Wagner- 
Meerwein if a C-horno skeleton is to be formed by 013-C 1 4- 	bond migration.. 
HO. 	 Ho 
': ;RrC H, R2=OH [214] R1=C H3-,-R2=0  H [2 321 
R1,R2=H 
	
R1R2=H .. 	[23 31 
Scheme 72 
Recent work by Khattak et al. 120 and Hirschmann121 on the 
solvolysis of D-homotosylates has shown that under certain conditions, 
rearrangement takes place resulting in the formation of a C-homo-A13 (17) 
olefin. The process has no anchimeric assistance due to C13-C14 	bond 
migration to form the . carbocation (236) although this cation is likely 
to play an important part in the formation of the final products. The 
mode of reaction was interpreted as an unassisted ionisation of a tosylate 











delocalisatiori forming the non-classical structure (236) from which the 
122,123 
final products are derived 	Scheme 73. 
• 	 Scheme 73 
Rearrangement of the epoxide 17 aa-47 a' -epoxy-- 3 . 17a-dihydroxy-
17-.methyl-D-.homoandrost-5-efle (232) was carried out using boron trifluoride 
etherate in both benzene and ether, solvents as well as with toluene-4-
sulph6nic acid in refluxing benzene. Gas chromatography of the reaction 
mixtures showed three components present in both reactions with boron 
100 
trifluoride in ratios of 6:6:1k Column chromatography failed to 	 - 
separate the components but the mass spectra show the appeareance of a 
peak at "e 298 assigned to the rearranged adduct with the loss of water .  
.due to the dehydrating nature of both boron trifluoride or by instant loss 
of water moiety in the mass spectrometer. The n.rtt.r. spectrum, although - 
complicated by the presence of a mixture, shows a new olefinic peak at 
t4.40. This is assigned to an exocyclic methylene at C-17 formed by 
dehydration of the 17-hydroxyl and therefore equatorial configuration 
with a 17-methyl proton. Scheme 74 • A broad singlet also appears at 




[2391  [2321 
J 
Scheme 74 
Rearrangement of the epoxide with toluene-4-sulphofliC acid 
yielded a mixture of products as a red gum, the components of which appeared 
as one broad peak with a small peak adjacent to it in the g.l.c. The mass 
spectrum again shows a peak at 
m,  298. An exact mass calculation for 
C21H300 gives 298.229654, and that found was 298.230045, an error of less 
than 2 p.p.m. 
No evidence could be found for the presence of aldehyde products, 
the mass spectrum of which would have a molecular ion at 
1fl1  346 or 
m1 328 









































peaks in this region being 	356 and 
m,  338 which are due to a carbonyl 
impurity in the starting material shown by the mass spectrum and -infra-red 
spectrum. 
Rearrangement of 17a-17 '-epoxy- 3 .hydroxy-D-hOrnOafldZOSt- 5-ene 
(233) with boron-trifluoride etherate in benzene overnight gave a red gum, 
the n.m.r. spectrum of which showed the appearance of a methyl signal att8.27 
- with further methyl signals att9.18,'t9o00 andt9.08, the latter of which 
had a shoulder. Treatment of the epoxide with toluene-4--sulphonic acid 
again gave a yellow semi-crystalline product which showed a new methyl 
signal att8.27 with other methyl peaks at9.18,9.00 andV9.08, the 
shoulder on which was better resolved than before... The, methyi peak attS. 27 
was assigned to the olefinic methyl of a C-homo-18-nor steroid (240 ).. Scheme 75 
Scheme 75 
The mass spectra of the mixtures showed a peak at 
m1  286 (36%) assigned 
as the molecular ion of the product of C13-C1. bond shift (240). Fig.6. 
The two methyl peaks not assigned to this product could be a doublet from 
C-18 methyl migration to C-17 (242) which would give the same molecular 
ion in the mass spectrum. 
So from the nature of the products and starting materials the 
reactions are envisaged as starting with the breaking of the CI 7'a-0 bond 
CH2- 





of the epoxides by the reagents forming a discrete carbonium ion 
intermediate (241) followed by bond delocalisatiOn to give the nonclassical 
C&rboCatiofl (236) proposed by Knattak et al. from which the final products 
are derived by loss of a formaldehyde moiety. Lack of aldehydes in the 
products rules out any concerted hydride migration. Scheme 76. 
From inspection of Dreiding models, it was seen that the initial 
migration of the Cl 3-C1 L_ 'bond to form the C-homo structure must occur 
in the sense which leads to a cis-fusion of rings-C and -D in the 12a-
carbocation (237) and a model shows that the conformation in which this 
ion is initially formed involves a considerable increase in compresbn 
between the C-7 and C-is positions, the 7,8- and 14,15-bonds becoming 
very nearly eclipsed. The d.tiving force for the rearrangement therefore 
presumably comes from the conversion of a secondary into a tertiary 
carbocationo Non-reversion of the rearranged oleinic intermediates to 
the normal 13-D-homo androstane skeleton is probably due to the fact that 
microscopic reversibility demands that a return to the original 13-
configuration should proceed through 13a-protonatiofl of the olefin (238) 
to the same strained cation, as well as being contrary to the trend of 
cation stabilities. 
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4,2. 	Experimental Section 
A 	Preparation of D-HomodehydroisoandrostenOl4 Ta-one by Tiffeneau- 
Demjanov reaction route 
4,2 • i 	3 p-Aceto'-17-cyano-17-ydrOxy- androst- 5- ene 
a.Reaction of dehydroisoandrosteno1ofleacetate with potassium cyanide 1245O 
To a stirred mixture of dehydroisoandrostenolone acetate (6g) 
and potassium cyanide (36g) in absolute alcohol (200m1) at 10°C was added 
acetic acid (38e5 ml) over a 40 minute period. The mixture was then stirred 
for 1 hour at. 10°C then 2 hours at room temperature. Addition of water 
precipitated a solid which was filtered off and was washed with 2%. acetic 
acid then dried in vacuo. T.l.c. of the' white solid (6.12g) showed two 
spots, one of which corresponded to starting material. This was eluted first 
from an alumina column with benzene (2.88g, 47%). The 3-acetoxy-17-cyano--
17-hydroxy-androst-5-efle (3.24g, 53%) was eluted with ethanol, m.p.. 118-1220 , 
(lit., 124 , 1240 ); )m 	3530, 3000, 1720,. 1250cm; n.m.r. (60MHz)t'9.05 
(C-18 methyl), 8.94 (C-19 methyl), 7.94 (C-3P acetoxy), 4.62 n.,W4. = 5 ft--C-6 
proton). 
b.Reaction of dehydroisoandrostenolone with acetone cyanohydrin 10 ' 125 
Dehydroisoandrosteflolofle (lg) was dissolved in ethanol (10m1) and 
undistilled acetone cyanohydrin (imi) added • The mixture was. heated under 
reflux with triethylamine (0.5ml).. After 1 hour, the precipitate which had 
formed was filtered off and washed with water then dried in vacuo to leave 
a white solid (207 mg, 38%);V max 3500, 2900cm acetylation of which gave 
3p_acetoxy-17-cyano-17-hydroXyandrOSt-5-efle (225 mg); m.p. 119-125 0. The 
infra-red and n.m.w spectra were consistent with those for the required 
product as in 4.2.i.a. 
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4.. 2. ii 	I 7-Axninomethyl-3 , I 7-dihydroxyaridrost3ene 53 
3-Aceto-1 7-cyano-1 7-hydroxy-ancirost-5-ene (3-09) was dissolved 
in anhydrous ether (50m].), which was added dropwise to a slurry of 
lithium aliimiium. hydride (3- 09) in ref luxing dry ether (I OOml). After 
addition was complete, the reaction mixture was ref luzed for 2 hours, 
the excess lithium aluminium hydride was then destroyed by the careful 
addition of water. Addition of dilute sulphuric acid (IOml) afforded 
two clear layers. The organic layer was dried over magnesium sulphate, 
filtered and evaporated to dryness giving a white solid (2.65g). T.]..c0 
showed two minor impurities corresponding to dehydroepiandrostenolone and 
3-acetoxy-1 7-cyano-1 7-hydrozy-androst-5-ene which were removed by 
crystallisation from methanol giving the pure I 7-mirornethyl-3 ,17-
dihydroxy-androst-5-exie mixiiure (1.4-9, 5t) ;Vmax 3600, 3500, 2900, 1 685cm; 
n.m.r.. (60 ME z)'t9.25 (0-18 methyl), 8.98 (c-19 methyl).. 
4. 2. iii D-Eanodehydroi soandros tenol-1 7a-one 51 (2i i) 
I 7-Aminomethy].-3, I 7-dihydroxy-androst-5-ene (812mg) was dissolved 
in glacial acetic acid (i 5m1) and ether (3m].) and the solution was cooled 
to -100C.- A solution of sodium nitrite (2.0g) in water (1 Cml) was added 
dropwise, the temperature never being allowed to rise above 50C. After 
complete addition, the mixture was stirred at. OCC for 3 hours. Addition 
of water precipitated a solid which was extracted into ether, the ethereal 
solution was washed with 	sodium bicarbonate, dried over magnesium 
sulphate, filtered and evaporated to dryness to give a pa.e yellow 
solid (685mg). Colunm chromatography on alumina afforded. D-homodehydro-
isoandrostenol-17a-one (577mg, 74%); m.p. 179-1810 (lit., 
51  180-10); 
3600, 1695, 1615cm 1 ; n.m.r. (60 AHz)t8.99 (0-19 methyl),. 8.87 
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(c-18 methyl), 6.4.2 (m, W± = 20 Hz, 11-3), 4.67 (in, W. = 8 Hz, 1-6). 
B 	Preparation of D_hoinodehydrOisOtalldrOStaflol-i 7a-one via the 
exocyclic epoxides of D.H.A. 
4.. 2.iv 	17,20-Epoxy-21-nor-17-pregn-5-en-3 0-0 
 6667h18 
Sodium hydride suspension (60 in oil; 12g). was washed with 
petroleum-ether (40-60) and stirred in di-Methyl formair'ide (300mJ.) to 
form a fine suspension. Finely divided crystalline trimethyl 
sulphoxonIum iodide (35g) was added in small portions. When hydrogen 
evolution had almost ceased, dehydroizoand.rOsteX101Ofle acetate (log) 
was added. The mixture was stirred at room temperature for 16 hours then 
poured into ice-cold water (21). The precipitated steroid was filtered 
off and washed with water then dried in vacuo leaving 17,20-epoxy-21-nor-17- 
prega-5-en-3 p-ol mixture (8.3g, 91%.) ;V,, 2600, 3420, 1043cm; n.ni.r. 
(60 }1Hz)t9.1 6 (C-lB methyl) of a.-epoxide), 9.10 (c-i 8 methyl of - 
epoxide), 8.97 (C-19 methyls), 7945, 7.33, 7.29, 7.13, 7.05 (dd., 
J=5Hz, C-20 epoxy methylenes) 4..66 (in, W.. = 14. Hz, 6-H). 
4.. 2. v 	20-Azido-21 _nor7o.-pregn-5-e e-3 , I 7_diols6667h18 
17, 20-Epoxy-2l -nor-I 7-pregn-5-en -3Ols (8.0g) in dimethyl-
forinaxnide (200mJ.) was heated under ref lux for 3 hours with sodium azide 
(8.0g) and boric acid (8.0g). The suspension was then poured into 
ice-cold water and the resulting precipitate was washed with water and 
dried in vacuo. RecrystaJ.lisatLon from ace tone-petether (4.060 0 ) gave 
the 20-azid.o-21 -nor-7a-pregn-5-ene-3 , I 7-diols as a white solid (7.8g, 85%). 
map. 121-1280 (lit., 6.7 133-134,V 	3600cm; n.m.r. (6OMHz)t9.24. 
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(C-iS methyl of 17-ol), 9.09 (c-18 methyl of 17-01), 8.97 (C-19 
mehyl), 
6.92, 6.73, 6.56, 6.36 (d.,d. J = 12 Hz, C-20-C2), 4.66 (in, 
W. = 14Hz H-6); 
mass spectrum, m/. (' 'e 317 (60), in// e 271 
(ioc), in  // e 253 
(891T.') '/ 289 (92%). 
4.2. vi 	D_HomodehydrOandlos tenoj.-1 7aone6667h1S ( 211) 
The 20-azido-21 _nor_7 _pre 5-ene-33,17d.10]. 3  (7.59) in 
acetic acid (75m1) were stirred with zinc powder for 20 minutes after 
which time evolution of gas had ceased. Water (350 ml) and acetic acid 
(40m1) were then added. After filtration, the aqueous acidic solution 
was extracted twice with ether (200m1) and the extracts were combined 
and washed twice with water (iOOml) and the aqueous washings added to 
the acidic layer. This solution was cooled in ice and sodium nitrite 
(4.g) was added. After 3 hours the precipitate which had formed was 
extracted with ethyl acetate. The organic extracts were dried over 
magnesium sulphate, filtered and evaporated to dryness to give a. mixture 
of D_hoxnodehydrOisOaXldros tenol-1 7a-one and D_homodehydroisOa drostenol-i 7-one 
as a white solid (3.96g). Column chromatography on aliirni7'a and elution 
with benzene-petether gave D_homodehydroisoandrostenol -i 7a-one (3.32g, 50); 
M.P.. 176-1790 (lit. 
51  180-1);Vm 3600, 1695, 1615cm1; n.m.r. (60 MHz) 
t'8.99 (C-19 methyl), 8.87 (C-iS methyl), 6.42 (in, W = 19 Hz, H-3)., 4.67 
(m, W.. = 8 Hz, -6). 
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C 
	 Preparation of a D-hosteroid by a PinacOl_PiI1Bcol0fle 
earraflgement 
1.. 2. vii 	I 7cL-Hyd.roXYl 7_methyl]>th0mOdshYdr0i50 andros tenol-1 7a-o
119 (21 1+) 
17o._Hydr0.pregr1en0loe acetate (i . 6g) in acetic acid. (i 60m1) 
was treated with acetic anhydride (6.+inl) and freshly distilled boron 
trifluoride etlierate (6. +ml) and allowed to stand at room temperature for 
18 hours. After this time, water (i 60m1) was added and the resulting 
precipitate extracted with ether. The ethereal solution was washed with 
I potassium bicarbonate, dried over sodium sulphate, filtered and 
evaporated to dryness to give I 7o.-hydroxy-1 7_methyl_D_hOmOdehYdr0iS0andr03t 
enol-I 7a-one as a white solid (1-549, 9/), t. 1.0. of which showed one 
spot only.Vm 3450, 2950, 1736, 1250mn 	n.m.r. (60Ez)t'8.65 
(0-18 methyl), 8.62 (0-19 methyl), 8.53 (c-17t3 methyl), 7.97 (0-3 acetoy), 
4.66 (in, W.= 15Hz, ii-6). 
D 	 preparation of D-honioketone derivatives 
.. 2. viii 	Tosyl Fydrazone of D_homodehyd.rOiSOandr05tefl0 7a-one (221) 
DEiomod.ehyroisoandro3tenb 7 a-one (700mg) was dissolved in 
carbon tetrachloride (8ml) and toluene_4_sulphoflhydrazide (600mg) in 
ethanol (lOini) and concentrated hydrochloric acid (0.5m 1) added. After 
30 minutes at room temperature, the mixture was warmed on the steam bath 
and a precipitate formed which was filtered off, was waahed with water
- 
and dried, in vacuo to give the tosyihydrazorle of D_homodhydrOisOafldr0Stemol 
17a-one as a white crysta.11inesolid 432nig, 3o); rn.p. 192-1990 (decomp); 
n.m.r. (6011Hz)t 9.07 (0-18 methyl), 9.03 (C-19 methyl), 7.52 '(tosyl methyl), 
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4.73 (m,Wj=6Hz,6-), 2.78, 2.65, 2.30, 2.15 (d,d., 9Hz,9HzJ+ aromatic protons). 
L. 2. ix 	Reaction of I 7c.-hydrozy-I 7_methy1-DhomOdehYd.rOiSOaI1drOstefl0l 
17 a-one with toluene-4-sulphonhydrazide 
17a.-Hydroxy-1 73 _met yl-D-homo dehydroisoaiadrOsten0l-1 7a-one (520mg) 
was reacted with toluene-1i.-su1phohydrazide (350mg) as described above, 
4. 2. viii. Even after prolonged warming on the steam bath (-se I+ hours) no 
precipitate formed. Addition of dilute sodium hydroxide and extraction 
with ether, drying the ether layer over magnesium sulphate, filtration 
and evaporation to dryness produced a white solid. (337 mg), the t. l.c., 
infra-red and n.m.re spectra of which showed it to be unreacted ketonic 
starting material. 
4.2.x 	Reaction of DehydroisoandrostenOlOfle acetate with toluene- 
4.-sulphothydrazid a 
DehydroisoandrosteflolOfle acetate (4-509) was suspended in 
ethanol (i 50m1) and toluene-4.-sulphonhydrazide (3.509) was added and the 
mixture was heated under reflux for 30 minutes with concentrated hydrochloric 
acid. (2m1). The mixture was then poured into ice-cold water and the 
resulting precipitate was filtered off, washed with 2 N sodium hydroxide 
then water and dried in vacuo to give thetosvlhvdrazone of d.ebvdroiso-
androsteriolone acetate as a white crystalline solid (4.839, 7). M.P. 
204-211 0 (decomp); n.m.r. (6o:ME)t 9.22 (0-18 methyl), 9.00 (C-19 methyl), 
7.93 (C -30 acetoy), 7.60 (tosyl methyl), 4.73 (m,Wj.GHz, 6-H), 2.86, 2.72, 
2,32, 208 (d,d II=9Hz,4 aromatic protons). 
4.2. xi 	I 7a20-Epoxy-21 -nor-I 7aa_D_homopregn-5-en-33-01L233) 
This exocyclic epoxide of D-homodehydroisoand.rostenol-1 7a-
one was prepared as described above, 4.2.iv, by reaction of D-homodehydro-
isoandrostenol-1 7 a-one (1 - 5g) with trimethylsuiphoxonium iodide (6g) and 
sodium hydride (3g) in dime thyl forrnamide (50m1). The reaction mixture 
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was poured into ice-cold water and the precipitate so formed filtered off, 
washed with water and dried in v.cuo. RecrystllisatiOfl from methanol gave 
17a, 20-epoxy-21 -nor-I 7a D_hpmopregn-5-efl-3-Ol asa white so]4.d  (1 .06g, 67%) 
m.p. 135-1420 ; n.m.r. (6QI9Iz)'t'9.06 (0-18 methy), 8.97 (C-19 methyl)., 
(a,a., J=5Hz,C-20-CIjz-), 4.68 (m,Wj. = 6Hz,6-H); mass spectrum, 51"e 316 
(M, 75%) rn/I 301 (M-i 5, 17%),. m/e 298 (M-18, 21%), 	271 (ioc). 
4. 2. xii 
	
	I 7aa. , I 7a' -epoxy-3, I 7c.-d.ihydroxy-1 7-methylD-homoandrOst 
5-ene(232) 
This. exocyclic epoxide was prepared as described above, 4..2.iv, 
by reaction of 1 7a.-hydroxy-1 7_methyl-D-homOdehydrOiSOandrOStef101'1 7a, one 
(2g) with trimethylsu.lphoxonium iodide (7.0g) and sodium hydride (2.4.g) in 
dimethylformmid.e (30m1) at room temperature for 16 hours. The mixture 
was then poured into ice-cold water and the resulting precipitate extracted 
into ether. The ethereal solution was dried over magnesium sulphate, 
filtered and evaporated to dryness. Crystallisation from methanol gave 
l7aa, 17a'-epoxy-3t3, 17_dihydro_17methY1D_h0mOandr0st_ 5 ene as 
a 'white solid '(I.4.9g, 7), m.p. 132-1350 , n.rn.r. (60MHz) r 9.03 (0-18 and 
0-19 methyls), 8.50 (C-17P methyl), 7.83, 7.70 (d,dJ=5Hz, C-20-CH2-), 4.66 
(m,W5Ez,6-,6 	mass spectrum, rn/ 31,.6 (M, iccØ). 
Rearrangements of D-ring ketonic derivatives 126 
4.. 2. xii-i 
	Rearrangement of tosyihydrazone of dehydroisoand.ros tenolone 
acetate 
The tosyl hydrazone of dehydroisoandrostenolOfle acetate 
(2-59) was dissolved in digol (80m1) and sodium hydroxide (3.09) in water 
(20m].) was added. The solution was then heated under nitrogen to 10000, 
the nitrogen flow was stopped and at around 12000, rapid evolution of gas 
occurred, which ceased at around 160 0C. The mixture was then cooled and 
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poured into ice-cold water and the product was extracted with ether. 
The ether layer was d.t±ed over sodium sulphate, filtered and evaporated 
to dryness to leave an oil. The t.l.c. showed one major component and 
four trace impurities. Column chromatography on alumina and. elution with 
various solvent systems failed to separate the components completely, 
each fraction showing varying degrees of purity of the main component. 
The purer fractions were combined and evaporated, to dryness giving a 
light brown oil (1.14.g); n.m.r. (60MHz)t'9.08, 9.02 (d, J=Li. Hz,C-17 methyl), 
8.96 (C-1 9 methyl), 4. 63 (m,W.. = 5Hz 6-H); mass spectrum,
rn, ,  272 (M-', 1 oc%), 
257 (M-15, 14%), m/ 254. (M-18, 2), rn,,, 239 (M-33, 36%), 3-hydroxy-
17_methyl_18_nor-anirOata5,13(14.) -diene (217) 
4. 2. v 	Rearrangement of to sy].hydrazone of D-homodehydrotsoandros tenol- 
17a-one 
The tosyl hydrazone of D-homodehydroi soandrostenol-1 7 a-one 
(900mg) in digol (20mJ.) was heated. to 18000 with sodium hydroxide (i .59) 
After cooling, water was added to the reaction mixture and the resulting 
precipitate was extracted with ether, the ether layer was washed with water, 
dried over magnesium sulphate, filtered and evaporated to dryness to yield 
a pale yellow semi-crystalline solid (883mg). T.l. c. showed two main 
spots with at least three minor impurities; n.xn.r. (60Iz)t 9.24., 9.16, 
8999, 8.4.5, 8.36, 8.21; mass spectrum, 
m, 
 286 (, 30100., "e 271 (7%), 
M/ 268 (l C%), 
m/  253 (1 7%), mixture of 3-hydroxy-1 2a-inethyl-1 8-nor- 
C -hcmoandros ta-5, I 2a( 13)  -diene (222) and 3 -hydroxy-1 7-methyl-1 8-nor-D-homo - 
androsta-5,13(1)+)-diene (223). 
4.. 2. xv 	Reaction of I 7aA, I 7a' -epoxy-3, I 7a.-dihydroxy-1 7-methyl' 
D-homoandrost-5-ene with boron trifluoride etherate in ether 
The epoxide. (1.6g) in anhydrous ether (i 60m1) was treated with 
boron txifluoride etherate (I. 6rnl) at 200C overnight. The initial suspension 
Ill 
dissolved during the reaction. Water was then added and the ethereal layer 
was removed, dried over magnesium sulphate, filtered and evaporated to 
dryness to leave a dark red gum ( 1 2g), G.l.c. of the mixture showed three 
components in the ratio 6:6:1; n.m. r. (601Mz) 9.11 (C-1 9 methyl), 8.27 
(c-i 2a methy), 4.40 (C-1 7 exocyclic  methylene); mass spectrum, 
rn,1 298 
(M+, 5(t), 3-hydroxy-1 2a-methyl-1 7-methylene-1 8-norC-homoandrOsta5i 
12a(13) -diene (239); n.m.r. (6OMEz)t9.11 (C-19 methyl), 9.01, 9.16 (d.,J=llHz 
C-17& meth-VI 3-bydro2y-1 7a-methyl-1 7-methylene-1 8_nor*D-hoandrosta5 
13 ( 1  Q -diene.,  
4. 2. xvi 	Reaction of I 7aA .1 7a' -epozy-3 , I 7a.-dihydrozy-1 7-methy1- 
D-hoxnoandrost -5-efle with boron trifluoride etherate in benzene 
The epoxide (54g) in anhydrous benzene (1 5m3.) was treated 
with boron trifluorid.e etherate (I ml) at 20°C overnight. The solvent was 
then removed in vacuo to leave a yellow-brown solid (490mg), 9.1.0. of 
which showed three components in ratio 6:6:1; n.m.r. (6az) is consistent 
with that for reaction mixture 4. 2.xv; mass spectrum, 
rn,,,  298 (M, 
3-hydroxy-1 2a-inethyl-1 7-methylene-i 8-nor-C-homoaxidrost&5, I 2a( 13) -di ene (23) 
and 3-hydro-1 7a-methyl-I 7-methylene-1 8-nor-D-homoandro sta-5, 13(1 ) -diene.. 
4.2.xvii 	Reaction of 1 7aa, 17a' 	,1 7o.-dihydroxy-1 7-methyl- 
D-honioardro st -5-ene with toluene-4-sulphonic acid. 
The epoxide (288mg) was dissolved in anhydrous benzene (iOml) 
and refluxed for 30 minutes withtoluene-4-sulphonie acid (304mg). The 
reaction mix 4 ure was then cooled and water added. The steroid was extracted 
into ether, the ethereal solution dried over magnesium sulphate, filtered 
and evaporated to dryness to leave a red gum (214mg). G.l.c. showed one 
broad peak and one smaller peak in the ratio of approximately 30:1 mass 
spectrum, 
rn,,,  298 (18%), calculated for C21ff300, 298. 229654, found 
112 
298.230045, an error of less than 2 p.p.m, 3-hydxoxy-i2a-methYli7methylene 
18-nor-C-homoandrOsta5,l 2a(13) -diene (239). 
4.2. xviii 	Reaction of I 7a, 20-epoxy-21 -nor-I 7ai-D-homopregn-5-en-3-Ol 
with boron trifluoride etherate in benzene 
The epoxide (21s.0flg) 	in anhydrous benzene (5m].) was treated 
with boron trifluorid.e etherate (0. 5nil) at 201C overnight. The solvent was 
then removed in vacuo to leave a red. gun (167mg); n. m. r. (600z) It 9.08 
(c-i 9 xnethy), 8.27 (0-1 2a. methyl); mass spectrum, "e 286 (M, 3&), 
rn1 
271 (M 5, 7%), 	268 (M-18, 10%), m/ 253 (M-.33, 20%), 36-hydroxy-1 2a- 
methyl-I 8-nor-C-homo-androsta-5, I 2a(1 3)-diene (222); n.m.r. (6011Hz)t'9. 18, 
9.13 (a, J=4Hz,C-17a methyl), 9.00 (C-19 methyl), 3-hydroxy-17a-methyl- 
I 8-nor-D-hoznoandrosta-5, 13(14) -diene (223). 
4.. 2. xix 	Reaction of I 7a, 20-epoxy-21 -nor--I 7a-D-homopregn-5-en3-Ol 
with toluene-4-su.1.iOniC acid 
The epoxide (310mg) was dissolved in anhydrous benzene (i Omi) 
and. thesolution heated under ref lux with toluene-4.-sulphonic acid (384mg) 
for 30 minutes. ITh e reaction mixture was cooled, water was added and the 
steroid extracted with ether. The ethereal solution was dried, over 
magnesium sulphate, filtered and evaporated to dryness to leave a yellow 
semi-crystalline product (184mg); nm.r. (6airEz)''9.08, 8.27; mass spectrum 
In/I 286 (, 36%), 3-hydrox.y-1 2a-inethyl-1 8-nor-C-homuoandrosta-5,1 2a(1 3)- 
diene (222); n.m.r. (6WEz)'t'9.18, 9.13, 9.00; mass spectrum 
rn/I 286 (W- 360P, 
3-hydroy-1 7a-methyl-1 8-nor-D-homnoandrosta-5, 13(14) -diene (223). 
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